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SUMMARY

MAINTENANCE DREDGING OF CHARLESTON HARBOR, ASHLEY RIVER.
AND U. S. NAVY CHANNELS IN COOPER RIVER,- -- ....

CHARLESTON AND BERKELEY COUNTIES, 9
SOUTH CAROLINA

( ) Draft (X) Final Environmental Statement

Responsible Office: U. S. Army Engineer District, P. 0. Box 919,
Charleston, S. C. 29402 (AC 803-577-4171)

1. Name of Action: (X) Administrative ( ) Legislative

2. Description of Action: a. Charleston Harbor. Maintenance of

a channel for commercial purposes 35 feet deep and 1,000 feet wide
from the sea to the inner end of the jetties, thence 600 feet wide to
the U. S. Navy Shipyard, and thence 400 feet wide to the mouth of
Goose Creek, a total distance of 21.9 miles, with a turning basin

1,100 feet wide at the ports terminals; maintenance of a channel 35
feet deep and 500-700 feet wide through Town Creek reach; maintenance
of a channel in Shem Creek 10 feet deep and 110 feet wide from a flared
entrance from Hog Island Channel to and including a turning basin 130 ( S

feet wide and 400 feet long with the upper end 250 feet upstream from'
Mt. Pleasant public wharf, thence 10 feet deep and 90 feet wide to the - .-

U. S. Highway No. 17 bridge; maintenance of a channel 10 feet deep and
90 feet wide in Hog Island channel from Shem Creek to the Atlantic Intra-
coastal Waterway; dredging for above maintenance and disposal at various
sites; and maintenance of two entrance jetties of stone on log mattress .

foundation.

b. Shipyard River. Maintenance of a
channel 30 feet deep at mean low water and 20C feet wide, widened to
300 feet at the entrance from deep water in Cooper River to the vicinity
of the Airco Alloys and Carbide Company, with a turning basin 30 feet . .
deep opposite the Gulf Oil Corporation terminal, and another turning

basin 30 feet deep at the upper end of the project with a flared

entrance.

c. Ashley River. Maintenance of a
channel 30 feet deep at mean low water and 300 feet wide from the mouth
to the Standard Wharf, suitably widened at bends and at head of the
improvement; and for maintenance to a depth of 12 feet and a width of
100 feet from the approach channel to the municipal yacht basin. This
feature of the project is inactive.

d. Navy Channel. Maintenance of a
channel of variable width 35 feet deep at mean low water in the channel
of the Cooper River from the Army Ordinance Depot north approximately
18,000 feet to wharf "Alpha", Naval Weapons Station; maintenance of an
area 400 feet by 3,050 feet by 37 feet deep adjacent to pier "Charlie";
and maintenance of an area 400 feet by 800 feet by 50 feet deep adjacent . ..

to the Submarine Floating Dry Dock Facility.
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e. Navy piers and slips. Maintenance
dredging performed by the U. S. Navy to maintain project depths of

35 feet and 20 feet in slips and in front of the piers for a distance
of about 16,500 feet and periodic dredging necessary to maintain
two submerged dredge lines. -.

3. a? Environmental Impactse Short-term increase in turbidity and

sedimentation; smothering of plant and animal communities in disposal
areas; temporary frightening of birds and mammals in the area;

temporary reduction of phytoplankton and zooplankton; possible oxygen
reduction due to disturbance of anaerobic bottom sediments; short-term
reduction of benthic organism populations in the path of the cutterhead

and in the offshore disposal area; increase in 4iI local mosquito popu-
lation; possible adverse effect on fish larvae due to increased turbidity;
minor increase in air pollution during dredging operations; and stimul-

ation of the local,Xtate and national economy.

b. dverse Xnvironmental /ffects KT4mporary increase in turbidity
and siltation in the vicinity of the dredge and disposal areas; temporary
decrease in primary production resulting from turbid waters; possible

loss of organisms through leaching of toxic substances from upland
disposal areas; possible reduction in dissolved oxygen levels as a result 0

of the dredge disturbing organic materials undergoing anaerobic decom-

position; possible displacement of wildlife species; alteration of
existing vegetation in disposal areas; destruction of some benthic ..

organisms by the cutterhead; and increase in the local mosquito popu-
lation.

4. Alternatives:

"* a. No action

". b. Combination of various dredging techniques and alternate
disposal areas I

5. Comments requested from:

U. S. Depar.tment of Interior
U. S. Environmental Protection Agency
U. S. Department of Commerce
U. S. Department of Commerce, Coastal Zone Management or

Forest Service, USDA
Commander, Naval Base, Charleston, S. C.

Department of Health, Education, and Welfare
Department of Housing and Urban Development

Federal Power Administration
U. S. Coast Guard
Soil Conservation Service, USDA
Federal Highway Administration, USDT

South Carolina States Ports Authority
S. C. Department of Parks, Recreation, and Tourism

South Carolina Wildlife and Marine Resources Commission _

South Carolina Water Resources Commission

South Carolina Department of Health and Environmental Control
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Final
Environmental Statement

Maintenance Dredging of Charleston Harbor, Ashley River,
and U. S. Navy Channels in Cooper River,

Charleston and Berkeley Counties,
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1.0. Project description.

1.01 Commercial channels.

1.01.1 Charleston Harbor. The Charleston '

Harbor project (Figure 1) provides for a channel for commercial
purposes 35 feet deep and 1,000 feet wide from the sea to the inner
end of the jetties (Figure 4), thence 600 feet wide to the U. S. Navy *. .-

Shipyard, and thence 400 feet wide to the mouth of Goose Creek, a .

total distance of 21.9 miles (Figures 2 and 3), with a turning basin
1,100 feet wide at the Ports Terminals; and for a channel 35 feet deep S
and 500-700 feet wide through Town Creek; for a channel in Shem Creek 10
feet deep and 110 feet wide from a flared entrance from Hog Island
Channel to and including a turning basin 130 feet wide and 400 feet
long with the upper end 250 feet upstream from Mount Pleasant public

wharf, thence 10 feet deep and 90 feet wide to the bridge on U. S.
Highway No. 17; and for maintenance of a channel 10 feet deep and 9 S
90 feet wide in Hog Island Channel from Shem Creek to the Atlantic
Intracoastal Waterway. The project also includes the maintenance of
two entrance jetties of stone on log mattress foundation; the north
jetty is 15,443 feet long and the south jetty is 19,014 feet long;
the distance between their axis at the outer end is 2,900 feet.
The project also provides for the following work, which was author- I S
ized to be prosecuted only as found necessary in the interest of
national defense; a 40-foot channel, 1,000 feet wide from the sea
to the inner end of the jetties, thence 600 feet wide to the south
pier at the Navy Yard, and then 1,000 feet wide to the Commandant's
wharf; and an anchorage area 30 feet deep between Castle Pinckney
and Fort Moultrie. The project has been completed except for the •
40-foot national defense project.

1.01.1.1 The Charleston Harbor project was
authorized by the River and Harbor Act of June 18, 1878, and by -

subsequent acts of which the latest were dated October 17, 1940,
March 2, 1945, September 3, 1954 and July 14, 1960. The total S
cost for new work in the harbor to date is $9,914,804. The total
cumulative cost for maintaining the harbor to date is $36,075,261
with an average cost of $3,646,700 annually. The approximate quantity -

of dredged material removed from the harbor annually is about
10,491,000 rubic yards. Major shoal areas are shown on Figure 5.
This material is deposited on several diked disposal areas (Figure S
5) and in one offshore disposal area (Figure 4). The existing
35-foot project will require about 3,913 acres of disposal area -

during the next 50 years. A summary of maintenance dredging .

activities in the harbor is presented in Table 1.

1.01.2 Shipyard River. This project (Figure -
6) provides for a channel 30 feet deep at mean low water and 200
feet wide, widened to 300 feet at the entrance, from deep water in
Cooper River to the vicinity of the plant of AIRCO Alloys Company,

.~~ ~~~ . . . .
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with a turning basin 30 feet deep opposite the Gulf Oil Corporation
terminal and a turning basin 30 feet deep at the upper end of the
project with flared entrance. Total project length is 1.2 miles.

1.01.2.1 The Shipyard River project was
authorized by the River and Harbor Act of 3 July 1930, and by
subsequent acts of 20 August 1935, 26 August 1937, and 2 March 1945.
The Total cost for new work in Shipyard River to date is $491,974.
The total cumulat /e cost of maintaining the channels as of 30 June
1974 was $5,23f.J47. The project was completed in June 1951.

1.01.3 Ashley River. The project (Figure 7)
provides for a channel 30 feet deep at mean low water and 300 feet
wide from the mouth to the Standard Wharf, a distance of 7.4 miles, -"-
suitably widened at bends and at the head of the improvement. The
existing project was authorized by the River and Harbor Acts of
25 July 1914 and 26 August 1937. 0

1.01.3.1 The total cost for new work to date is
$260,996 and the total cumulative cost for maintenance dredging was
$449,317 as of 30 June 1972. This project was completed in 1940.
The controlling depth at mean low water in June 1975 was 15 feet
for a width of 300 feet from the mouth to the downstream highway S
bridge; thence 14 feet to the head of the project. This project is
currently inactive.

1.02 U. S. Navy channels. In addition to
maintenance of the Charleston Harbor Navigation Project, the Corps
.f Engineers maintains channels in the Cooper River for the U. S. - - S
.. xvy. This work consists of the following:

1.02.1 Dredging to a depth of 35 feet
miw in the channel of the Cooper River from the Army Ordinance Depot
north, approximately 18,000 feet to wharf "Alpha", Naval Weapons
Station (Figure 8). Approximately 1,200,000 cubic yards of material
are remov-A and deposited annually with approximately 400,000 cubic
yards being disposed of in the Clouter Creek disposal area and
800,000 cubic yards in the Yellow House Creek Disposal area.

1.02.2 Dredging twice annually an area
400 feet by 3,050 feet by 37-feet deep adjacent to Pier "Charlie" and
an area 400 feet by 800 feet by 50 feet deep adjacent to ARDM site,
Submarine Floating Drydock Facility (Figure 8). Approximately
215,000 cubic yards are removed and deposited annually in the Yellow
House Creek disposal area.

1.03 U. S. Navy piers and slips. In addition
to the maintenance dredging performed by the Corps, the U. S. Navy

* operates a hydraulic dredge to maintain adequate depths around slips
and piers for the docking of Navy ships (Figure 9). The work consists

2
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of periodic dredging of slips and in front of piers for a distance of
about 16,500 feet. Approximately 2,730,000 cubic yards of material are
removed and deposited in the Clouter Creek disposal area annually.
Approximately once every eight years the Navy's submerged dredge lines
crossing the Cooper River from piers D and F (Figure 10) are removed and
replaced. Approximately 13,000 cubic yards of material yearly average
is removed and deposited in the Clouter Creek disposal area.

1.04 Disposal areas. Under existing authority
the local sponsor, the South Carolina State Ports Authority, provides
easements for disposal sites. Even though maintenance dredging is
performed yearly in the harbor, the Corps of Engineers cannot require
the local sponsor to obtain disposal areas at a rate faster than required
to meet immediate needs. The Corps can reject sites proposed by the
local sponsor which it considers inadequate based on current needs and
policy. The draft EIS stated in several places the desire of the Corps
to use upland disposal sites and to discontinue use of marshlands after
the sites now being used are filled to capacity. Regulations published
by the Department of the Army, "Federal Projects Involving the Disposal
of Dredged Material in Navigable Waters", 39 FR 26635-26641, 22 July
1974, further states the Corps' intention to discourage the use of
wetlands and marsh as future disposal sites.

1.04.1 Interagency coordination meetings and 40

field trips as necessary would be held prior to the selection of the
disposal sites. These meetings would include EPA, U. S. Fish and Wild-
life Service, South Carolina Wildlife and Marine Resources Department,
and otLer cognizant agencies.

1.04.2 Entrance channel. Dredging of the entrance
channel is accomplished by hopper dredge and the dredged material is
deposited in an approved ocean disposal area (Figure 4) located approxi-
mately eight miles offshore at Latitude 320 38'38"N and Longitude 79°44'39"W
in about 40 feet of water. This offshore site complies with EPA recom-
mendations and was selected on the basis of recommendations of the South
Carolina Wildlife and Marine Resources Department. Elutriate tests will - •
be conducted on bottom sediments before next year's dredging.

1.04.3 Inner harbor. Dredging of the turning .-

basin and the inner portions of the harbor is accomplished with an
hydraulic dredge and a pipeline leading to disposal areas. Materials
dredged from the harbor are placed in the Morris Island, Shem Creek,
Daniel Island, Clouter Creek, and Yellow House Creek diked disposal
areas. In the event that Plan 8 in Section 1.05 is proved feasible,
most of these materials may be disposed in offshore disposal sites.
Major shoaling areas and disposal areas are depicted on Figure 5. As
existing disposal areas are used to capacity, new areas will be selected
by the project sponsor, the State of South Carolina, on upland sites
adjacent to the harbor. These areas will then be evaluated by the Corps
of Engineers and the cooperative selection process described in Section
1.04.1 to determine their suitability from an engineering and environmental ....-

standpoint prior to acquisition by the project sponsor. The estimated
dates when the capacity of these areas will be reached or when the
current easement expires is as follows:

3

, 4. . ..

.- °- '-. "'-.' . -.... . .':i.- . i-.---.'.- '-. .----.... ........... --



7.

1.04.3.1 Daniel Island. Daniel Island is located
at the junction of the Cooper and Wando Rivers and is currently under
easement to the South Carolina State Ports Authority until 1980 or until
such time that it is filled to an elevation of 18 feet above mlw. A "
total of 686 acres of the 789 acres under easement have been diked. . -

Previous studies indicate that once the material is in the disposal area
it will consolidate to about 50 percent of its shoal volume. Applying -.
this factor to the current rate of filling, it is calculated that Daniel
Island is being filled at a rate of about 1.6 feet per year. At this '"
rate, 18.0 feet mlw will be reached after maintenance dredging in 1977. 0
It has been recommended that the easement be amended to permit filling
to 22 feet mlw thus extending the life of this area through 1980 and
possibly beyond 1980. Due to the additional drying time that would be
required before dikes could be raised, the District Engineer has asked
the project sponsor (the State of South Carolina) to initiate steps to
renew the Daniel Island easement, extending the time and deleting the S
restrictions oa- height of fill, and begin negotiations for an additional
disposal area suitable for Lower Charleston Harbor maintenance require-
ments.

1.04.3.2 Morris Island. The Morris Island disposal
area is located at the mouth of the harbor west of the entrance channel.
A total of 703.5 acres are under easement to the South Carolina State
Ports Authority for a period of 25 years from 21 December 1967. The
diked area currently being used for disposal covers about 550 acres.
Approximately 650,000 cubic yards of in situ material removed from the
anchorage basin are placed in the Morris Island disposal area annually.
The average elevation of dredged materials in the disposal area is about S
7.0 feet mean low water (mlw). Assuming that the area can be filled to a
maximum elevation of 23 feet mlw and that the dredged material has a
compaction ratio of 2:1, the Morris Island disposal area has a capacity
of about 14,328,000 cubic yards of compacted material or 28,656,000
cubic yards of shoal or in situ material.

1.04.3.3 Drum Island. Drum Island is located just
south of Daniel Island and is bounded by Town Creek on the west and the
Cooper River on the east (Figure 5). The Cooper River bridges pass over
the southern portion of the island. The original 300 acre easement was
for 5 years beginning 1 December 1968. The easement expired in i973,
however, the South Carolina State Ports Authority is renegot'ating with S
the owner and anticipates that the area will be availabie :or disposal
in the near future.

- a-. . ".

1.04.3.4 Clouter Creek. The Clouter Creek disposal
area is located on the east side of the Cooper River between Mile-ll and
Mile-15. Approximately 1.8 million cubic yards of material dredged S
during Corps of Engineers maintenance dredging are placed in an 817 acre
area on the north half of the island annually. A total of 1,050 acres is
under easement to the South Carolina State Ports Authority. Of this
total, 274 acres are under easement for 15 years from 26 September 1961 .-..-

renewable through 25 September 1986 and 776 acres are under a perpetual

4
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i 6

spoil easement from 10 September 1958. The average elevation inside the
disposal area is currently about 11.0 feet miw. Assuming that the area
can be filled to a maximum elevation of 23 feet above mlw, and that the
dredged material has a compaction ratio of 2:1, it is estimated that
this portion of the Clouter Creek disposal area has a capacity of about
15,686,400 cubic yards of compacted material or 31,372,800 cubic yards
of shoal or in situ material.

1.04.3.4.1 In addition to the area used by the Corps
of Engineers, the U. S. Navy uses a 703 acre area on the southern portion
of the island to dispose of materials removed during their maintenance g

dredging of docks and slips. Approximately 2.7 million cubic yards of
dredged material are pumped into this area annually. Elevations inside
the disposal area average about 15.0 feet mlw. Based on the assumptions
made above, this area has a capacity of 8,998,400 cubic yards of com-
pacted material or 17,996,800 cubic yards of shoal or in situ material.

1.04.3.5 Yellow House Creek. The Yellow House
Creek disposal area is located on the east side of the Cooper River at
about Mile-19. The South Carolina State Ports Authority has a total of
951 acres under perpetual easement from 10 September 1958. A total of
597 acres has been diked. Approximately 200,000 cubic yards of shoal
material are pumped into this disposal area annually. The average eleva- ( *
tion inside the diked area is currently about 8.0 feet mlw. The capacity
of the diked area is about 14,328,000 cubic yards of compacted material
or 28,656,000 cubic yards of shoal or in situ material based on the
assumption that material can be piled to a maximum height of 23 feet mlw
and has a compaction ratio of 2:1.

1.05 Special studies. Under the aforementioned
authorizations, the following studies were conducted:

a. Long-range disposal of dredged material:
During the conduct of this study of long-range disposal of dredged
material, eight plans were evaluated to determine feasibility and costs
of meeting the dredging requirements of the existing project as well as . .. .
related projects for a 60-year period, 1965 to 2024. Cost estimates were..-.
prepared for maintaining the navigation features located upstream of and
including the anchorage basin for the current maintenance method and
nine alternate plans. An estimate of cost for maintenance dredging
utilizing the current practice (pipeline dredge and harbor-side disposal
areas) was prepared for a 100-year period of analysis and adopted as the _ -
base to which the relative merits of the various alternate methods were
compared monetarily. The considered dredging and disposal plans are
summarized as follows:

Plan 1 - Removal of shoal material by pipeline dredge to a permanent
land disposal area adjacent to the harbor - that is, continuing the
present dredging and disposal method.

Plan 2 - Removal of shoal material and conveying it to a disposal
area at sea, all by hopper dredge.

Plan 3 & 3A - Removal of shoal material by pipeline dredge, placing
it in one intermediate disposal area, then conveying it to sea by pipeline,
by diesel powered booster stations (Plan 3) or electrically powered
booster pumps (Plan 3A).
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Plan 4 & 4A - Removal of shoal material by pipeline dredge, placing
it in two intermediate disposal areas, then conveying it from the inter-
mediate disposal areas to sea by pipeline, by diesel powered booster
pumps (Plan 4) or electrically powered booster pumps (Plan 4A).

Plan 5 - Removal of shoal material by pipeline dredge, placing it
in an intermediate disposal area, then conveying it by barge to sea. -

Plan 6 - Removal of material by pipeline dredge placing it in inter-
mediate disposal area3, then conveying it from these areas to remote
inland disposal areas by pipeline.

Plan 7 - Removal of material by pipeline dredge, placing it in an
intermediate disposal area, then conveying it from this area to remote
inland disposal areas by truck. 0

Plan 8 - Removal of shoal material by a special dredge designed to
utilize barges, and the use of these barges to convey the material
directly to sea.

b. Estuarine values study: In order to
evaluate (1) the plans considered in the long-range dredging and dis-
posal study beyond a strictly monetary comparison of plans, and (2) the .
environmental effects of recommended improvement and/or modifications to
the existing navigation project, the Corps requested the Bureau of
Sports Fisheries and Wildlife to accomplish the estuarine values study
evaluating the effects of the foregoing on fish and wildlife resources.
To aid the Bureau of Sports Fisheries and Wildlife in their evaluations,
the following special studies were contracted for and funded by the S
Corps of Engineers: (1) evaluation and interpretation of bottom sedi-
ment samples, (2) physical and chemical identification of bpttom sedi-
ments, (3) bioassay studies, and (4) inventory and evaluation of marsh-
lands and potential offshore disposal areas.

Based on these special contracted studies and the Corps' long-range
disposal study, the Bureau of Sport Fisheries and Wildlife made the
following recommendations concerning dredging and disposal practices:

1. Disposal of dredged material within the confines of the harbor
or its adjacent rarshlands be discontinued;

2. The most desirable method of disposing of dredged material from
an ecological basis is at sea via special dredge and barge (Plan 8).
Further, implementation is conditional to the favorable findings of a
small scale pilot program indicating the dredged material can be properly
transported and disposed of at sea; and

3. The most desirable alternative to sea disposal environmentally . *.*

would be disposal in diked areas located inland above the marshes. The
best plan accomplishing both the economical and environmental considera-
tions would be Plan 6 of the long-range disposal study. _""..._

1.06 Relationship to other projects. The rela-
tionship of the Charleston Harbor Project to the Cooper River Rediversion
Project is discussed in Section 2.03.1 The relationship of the Charleston
Harbor Project to other Federal, State or local government projects varies
from a lack of any significant relationship to some form of enhancement.
There is no direct relationship between the proposed project and the AIWW
since the dimensions of the latter are considerably less than that of the
existing harbor. Maintenance of the harbor has no potential of interacting
with projects of other agencies except for that aspect associated with the
disposal of dredged material. In this regard, there is no consideration
given to the use of such areas for disposal of dredged material. Examples * S
of such projects are Forts Sumter and Moultrie of the National Park
Service and Hog Island which is the site of a proposed naval museum.
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2.0 Existing Environmental Setting.

2.01 General. Charleston Harbor is located at about J
the midpoint of South Carolina's Atlantic Coast, 140 statute miles
southwest of the entrance to Cape Fear River, North Carolina, and
75 m iL north of Savannah Harbor, Georgia. The lower harbor
is formed by the confluence of Ashley, Cooper and Wando Rivers. Vast
tidil mars, areas lie on either side of the entrance to Charleston
H-i rbor. Those to the northeast separate the barrier islands from..
the mainland and are intersected by the Intracoastal Waterway and
numerous tidal streams. Those to the southwest back Morris Island,
i rapidly eroding barrier island, and are found on the southeastern
side of James Island. Docking and maintenance facilities of the
harbor are concentrated along the west shore (right descending side)
of C(,)per River extending from Battery Point of peninsular Charleston
to the mouth of Goose Creek at mile 15.7, the upstream limit of
authorized Federal projects. The locality is shown on U. S. Coast .
and Geodetic Survey Charts 470 and 1239, and on Figure I of this
report.

2.0l.L The harbor covers an area of approximately
14 square miles with depths ranging between 10 and 25 feet at mean
low tide except within project channels which are dredged to a depth

) 15 Leet. The harbor is faced with a serious shoaling problem that
i. principally due to the Santee-Cooper Project which was constructed
by the South Carolina Public Service Authority in 1942. Prior to
this time, the lower harbor required little maintenance dredging
A;rd natural depths in some areas ranged up to about 75 feet.

2.02 Tributary waters. Tributary waters in the
(barleston Itarbor area include the Ashley, Cooper, Wando and Ship-
yard Rivers, Shem Creek, and Hobcaw Creek.

2.02.1 Ashley River. The Ashley River is a small
(oastal plain stream having its origin in headwater swamps. The .
averige fresh water inflow from the Ashley is 261 cfs with a drain-
age- area of approximately 350 square riles. Flowing generally south-
ca:t~w; rd, its lower reach forms the west short of peninsular Charleston.
To Ashley River is urbanized along a large portion of its shoreline.

Cooper River. The Cooper River Basin comprises
720 sqiare miles of coastal plain in South Carolina. The Cooper River
has its origin at the confluence of its Fast and West Branches
(loa ly termed "The Tee") from which it flows 32 miles southward

0o i ts outlet in Charleston Harbor. The East and West Branches of
the Cooper River extend some 20 miles inland in a northward direction
to thir origin.s as small ill-defined channels in a low-lying area of
Beckeley County known as Ferguson Swamp. Lake Moultrie in the upper . -

prt 0, the Cooper River Basin was constructed by the South Carolina
l'ihl ic qervicc Authority in 1942 as part of the Santee-Cooper Project.
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This lake intercepts drainage of about 300 square miles of the Cooper
River Basin. Except for short intervening reaches, the west bank of
the Cooper River is lined with Federal, State, and private docking

facilities.

2.02.3 Wando River. The Wando River is a small
coastal stream having a watershed of about 120 square miles and
an outlet in the eastern part of Charleston Harbor. The lower Wando
River is bordered by a rather large expanse of salt marsh which in . -'"

turn is bordered by scattered residences and subdivisions. The 0
extent of marshes diminishes with distance upstream and the extent
of woodland increases until the uppermost part of the Wando is
entirely in woodlands.

2.02.4 Shipyard River. Shipyard River, a small tidal
tributary about two miles in length, extends in a southeastward S
direction along the southwest boundary of the U. S. Naval Reservation
to Cooper River at a point opposite the southern tip of Daniel Island
at mile 8.7. Docking facilities are located along the west shore
of the lower mile of channel, while the east shore is bounded by
tidal marshland along its entire length.

2.02.5 Shem Creek. Shem Creek is a small tidal tribu-
tary which extends in a southwestward direction to Charleston
Harbor at mile 4.0. The City of Mount Pleasant is located to
the southwest and new residential areas are being developed along
the northwest shore. The lower reach, that reach downstream of
U. S. Highway 17, is used as a base for essentially all commercial S
fishing vessels operating out of Charleston Harbor.

2.02.6 Hobcaw Creek. Hobcaw Creek is a small tidal

tributary which extends in a westerly direction and enters the Wando
River about one mile from its confluence with the Cooper River.
The city of Mount Pleasant is located to the south and residential ,
areas are developing along the southern shore. Large areas of tidal
marshlands line the shore for much of its length.

2.03 Other Federal projects.

2.03.1 The AtLantic Intracoastal Waterway (AIWW). -

Charleston Harbor forms part of the route of the Atlantic Intracoastal-
Waterway. One section of the waterway extends southwestward from
Winyah, S. C., to Charleston Harbor through the Sullivans Island
Narrows, and another section extends from the harbor by way of Wappoo
Creek, a tributary of the Ashley River, southwestward to Beaufort and
Port Royal, S. C. The existing project provides for a channel 12 S
feet deep at mean low water and not less than 90 feet wide.

2.03.2 Cooper River Rediversion Project. This project
was authorized by the Rivers and Harbors Act of 1968 (Public Law
90-483, 90th Congress, S. 3710, 13 August 1968) and provides for
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the construction of a rediversion canal from the northeast portion of
Lake Moultrie to the Santee River near Lake Mattassee and construction
of a powerhouse, fish lift, and fish hatchery. The rediversion canal
will be about 11.5 miles in length and will consist of a 2.5 mile 0
entrance channel in Lake Moultrie, an intake canal about 4.0 miles long
and a tailrace canal about 5.0 miles long. Rediversion will decrease the . --

average discharges through the Pinopolis Dam to about 3,000 cfs and will
increase average flows in the Santee River. The purpose of the project
is to "redivert" the major portion of the waters from the Santee basin
from the Cooper River to the Santee River thereby effecting the reduc-
tion of harbor shoaling and related costly dredging operations in
Charleston Harbor. A discussion of the Charleston Harbor shoaling
problem is presented in the following paragraphs.

2.03.2.1 Prior to the completion of the Santee-Cooper project
by the State of South Carolina in 1942, Charleston Harbor was considered
one of the finest natural harbors on the Atlantic Coast with depths in
many areas exceeding 70 feet. After completion of the diversion project,
the rate of shoaling rapidly increased and silt began to accumulate in
all parts of the harbor. As a result, annual maintenance dredging re-
quirements increased from less than 500,000 cubic yards up to approxi-
mately 10,000,000 cubic yards. Because of this shoaling problem, the
Charleston Harbor estuary has been subject for many years to water
quality changes and associated dredging effects. Beginning in 1942, a
phenomenal increase occurred in the rate of shoaling in Charleston
Harbor. Deposits of black muck material began to settle in the harbor
and large shoals began to form in the project channels. Comprehensive
studies conducted by the Corps of Engineers revealed that most of this
shoaling was directly related to operation of the Santee-Cooper develop-
ment which increased the average discharge in Cooper River from 72 cfs
at Pinopolis to about 15,600 cfs. Most of the material creating these
shoals was found to be of piedmont origin and only a small amount was
found to be attributed to bank erosion. The increased freshwater flow " .
has resulted in the formation of density currents in the harbor having a
predominate upstream bottom flow which traps sediment within the harbor.

2.03.2.2 The increased shoaling rate has created two major ". -"-

problems: (1) an enormous increase in the cost of maintaining project
depths by dredging; and (2) an increase in the rate of depletion of
available disposal sites within the harbor area. S

2.03.2.3 Prior to this increased shoaling rate, materials
removed during maintenance dredging were placed in deep water areas of
the harbor convenient to the site of dredging. This practice was con-
tinued for a time after shoaling became severe until it became evident
that much of the sediment remained in suspension for a time and then 0
drifted back into the channels. As a result, a policy of diking land
areas for containment of dredged materials was established to reduce ..

reshoaling and costs. The heavy shoaling rates which have prevailed over .- .- --- "
the past several years have resulted in a severe depletion of areas in
which to deposit dredged materials. Cancellation of certain disposal
area easements and the short-term nature of other easements, together .
with the continued heavy shoaling rate, combine to intensify the serious-
ness of the disposal area situation.
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2.03.2.4 Most disposal areas are used over a period of
years, so an estimate of the annual need for disposal areas is
meaningful only if considered over a number of years. Based on
estimates of annual dredging rates for average freshwater inflows S
of 15,600 and 3,000 cfs (Table 2), the future demand for disposal

areas will be about 413 acres annually without rediversion and about
124 acres annually after rediversion. An additional 49 acres would

be needed annually over the 50-year project life if the Charleston ....

Harbor Deepening Project is implemented after rediversion. These
acreages are based on the assumption that the compaction ratio of .
dredged material will be 2:1 and that the disposal areas will be
used until the dredged material accumulation is approximately 15

* feet deep.

2.03.2.5 The quantities listed under 3,000 cfs in Table 2 ____

may not be achieved until about 10 years after the project is o

implemented. This time-lag is anticipated because the entire
harbor contains silt deposits and as silt is removed from the
harbor channels during maintenance dredging, silt deposits outside

the channel will tend to move laterally into the channel. The
annual maintenance requirements will increase slightly if the
harbor is deepened as proposed. . .

2.03.3 Charleston Harbor Deepening Project. The

recommended plan of improvement consists of the deepening of the
entrance channel to Charleston Harbor from a depth of 35 feet to

a depth of 42 feet and the extension of this channel from Mile
-10.4 seaward to the 42-foot depth contour (Mile -11.2); deepen- S
ing the existing harbor channels from a depth of 35 feet to a
depth of 40 feet from the Entrance Channel (Mile 0.6) to Mile
15.7 at Goose Creek; deepening of the Shipyard River channel from
30 feet to 38 feet; enlargement of the upstream and downstream
turning basins in Shipyard River to provide a 1,000 foot diameter

turning area and to widen the connector channel between the two
basins to 250 feet; enlargement of the anchorage basin near the
harbor mouth by deepening to a depth of 40 feet and by extending

the south side by 1,400 feet; enlargement of the turning basin at
the head of the commercial channel at Goose Creek; dredging a new
turning basin adjacent to the Columbus Street docks; widening the

North Charleston and Filbin Creek reaches to 500 feet; easing the S
bend at the intersection of the channel and Wando River; and the
relocating of channels near terminals to provide 125-foot clearance

between piers and the edge of the channel.

2.03.3.1 Of the total 27,077,000 cubic yards of material
to be removed from the Federal project area, 12,095,000 cubic O
yards from the entrance channel are scheduled for open water disposal
in a currently used offshore area, 2,383,000 cubic yards from the

turning basin would be placed in the currently used disposal area
on Morris Island and 12,599,000 cubic yards from the inner harbor. . -

would be placed on upland areas on and northward of Daniel Island.
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2.03.3.2 Approximately 1,110 acres of diked upland dis-
posal area would be needed for the deepening project and about 49
acres (20 acres for Charleston Harbor and 29 acres for Shipyard .
River) would be needed on an annual basis during the 50-year
economic life of the project for disposal of the additional shoal
material (approximately 1,737,000 cubic yards annually) expected ". . -

to be generated as a result of the harbor deepening.

2.04 Non-project associated facilities. There are
20 commercially important installations of wharves, docks, and piers,
both public and privately-owned along Charleston Harbor. These
installations have approximately 14,765 linear feet of berthing
space and 632,000 square feet of transit shed area. There are
also 50 acres of open storage areas plus 305 steel storage tanks
having a total capacity of approximately 8,600,000 barrels. The - . -

harbor is broken down into six important commercial areas. These
are the Union Pier Terminal, Columbus Street Terminals, Shipyard
River Terminal, North Charleston Terminals, Port Terminal facilities
and Wando River Terminals.

2.04.1 In addition to the commercial terminals, a large
number of government-owned wharves are located on Cooper River,
including the Navy Fleet landing, the wharves at the Navy Yard . -

and Minecraft base, the Charleston Army Depot and the Naval Weapons
Station. The U. S. Navy also has modern facilities for repair
and overhaul of naval vessels including nuclear submarines.

2.04.2 South Carolina State Ports Authority permit .
application. The South Carolina State Ports Authority has applied -. .-.

for a Corps of Engineers permit to dredge, fill, and construct a
marine terminal in the Wando and Cooper Rivers. The proposed work
on the Wando River consists of the construction of a 135' X 5000'
concrete wharf, supported by prestressed concrete piles, with a sheet '-.
steel bulkhead to the rear of the wharf; ten (10) cranes (8 con-
taner cranes and 2 gantry cranes) will be constructed on the wharf;
a 12' X 350' prestressed concrete pile supported railroad trestle;
and a barge slip with two (2) 12' X 220' prestressed concrete docks,
42' apart, will also be constructed on the site. The area to be
dredged is approximately 5600' in length, with widths varying from
125' to 500', to a depth of -40.0' mean low water. Approximately _
4,695,000 cubic yards of material are to be removed by hydraulic
dredging of which 3,780,000 cubic yards of unsuitable material (silt
and mud) will be deposited in the Morris Island Disposal Area and
915,000 cubic yards of suitable material (sand) will be deposited
on the terminal site behind the bulkhead as fill. The plans for the
proposed work on the Cooper River consist of a barge slip with two
(2) 12' X 200' prestressed concrete docks, 42' apart, and the
hydraulic dredging of an area, 1420' X 100', to a depth of -25.0'
mean low water. Approximately 250,000 cubic yards of unsuitable
material (silt and mud) will be deposited in the Daniel Island
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Disposal Area, if available; if not, this material will be deposited
in the Morris Island Disposal Area. A 100' section on the landward
end of the coal tipple is to be removed with the debris being trucked
away in accordance with all applicable laws. The purpose of the pro- -

posed project is to expand the existing South Carolina State Ports
Authority facilities.

2.04.2.1 The operation of the proposed terminal is dependent
upon the construction of a navigation channel in the Wando River from
the Cooper River to the site of the proposed terminal. Extension of 0
the Federal navigation project in Charleston Harbor to serve the pro-
posed terminal will be considered by the Corps of Engineers if a permit
is issued for the proposed work and a commitment for construction is
made. In the event this extension is not approved as a Federally
authorized project, the construction of the required navigation channel
in the Wando River will be the responsibility of the applicant and S
subject to a subsequent Department of the Army permit action. Approxi-
mately 3,400,000 cubic yards of material would have to be removed to
construct such a channel extension and its associated turning basin.

2.04.2.2 It is estimated that annual maintenance dredging
required for the Wando terminal would be 150,000 to 200,000 cubic yards. . 0
An additional accumulation of 500,000 to 600,000 cubic yards of sedi-
ment may have to be dredged annually from the channel extension. Dis-
posal of these quantities would require about 200 to 250 acre feet of
disposal area annually.

2.05 Tides. The mean range of tide in the harbor is S
approximately 5.2 feet with spring and neap tides ranges of about 7.5
feet and 4.2 feet, respectively. Maximum current velocities in the
harbor for normal conditions are about 4.0 to 5.0 feet per second at
the surface and somewhat less at the bottom. The presence of a salinity
differential between top and bottom strata of the harbor causes the
bottom flood currents to predominate over the bottom ebb currents, S
relative to velocity and duration. Thus, the resulting upstream move-
ment of bottom currents within the harbor constitutes an effective
sediment trap, preventing sediment transports to the sea and causing
the buildup of extensive shoals. The tidal prism is about 350,000
acre-feet.

2.06 Geology of South Carolina coastal plain.

2.06.1 General. The Charleston estuary, the Ashley,
the Cooper and the Wando Rivers lie on the extreme southwest flank
of the northwesterly trending Great Carolina Arch. The uplifting
of the Great Carolina Arch after the Oligocene Cooper Marl and prior ___

to the Mioc2ne Duplin Marl depositions brings Cretaceous Age beds
close to the surface along the North and South Carolina Border. To
the northeast and southwest of this arch, the Early Eocene Black
Mingo formation, the Middle Eocene Santee limestone, the Oligocene".."
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Cooper Marl, and the Early Miocene Harthorne formation suberop under
a veneer of late Miocene and Recent Age sediments as represented on
the southern flank of South Carolina below the Santee River.

2.00.2 Sedimentary formations. The sedimentary forma-
tions f th Cxi-s ti Plain range in age from Late Cretaceous to
Recent and consist, for the most part, of unconsolidated sand, clay.
gravel, marl, and limestone that has been deposited on a surface "", . -

of granite, schist, and gneiss similar to (and a continuation of) "..
the rocks underlying the adjoining Piedmont Province. p •

2.06.2.1 Underlying the Pamlico Marine terrace in the
vicinity of Charleston Harbor are sediments Eocene age, represented
by the Cooper Marl, and the Pleistocene age, represented by the
surficial sedimentary deposits.

2.06.2.2 The Cooper Marl formation is the lower of the
two sedimentation deposits. It has a thickness of approximately
226 feet in the vicinity of Charleston (USGS - open file) and is a sandy
calcareous bed, about 75, calcium phosphate, the latter usually con-
centrated in black nodules the size of fine gravel. The marl is

essentially a uniform formation, deposited in marine waters over 100
feet deep, and later subjected to several periods of subaerial erosion
that left a surface sculptured with shallow valleys and depressions.
The Pleistocene sands and gravels were deposited in these valleys and
depressions during the recent glacial periods and are closely associated
with the Cooper Marls. Underlying the Cooper Marl, in an abrupt con-
tact, is the Santee Limestone formation. .

2.06.2.3 On the top of this sedimentary formation lies ...

the P:mlico terrace, which consists chiefly of fine sand and blue
or gray clay. The sand is composed chiefly of quartz, but includes
I little mica and a few dark minerals. It is sometimes referred to as
"Wando Sand". The total thickness of the formation is reported to be
about 61) feet. Fossils are generally the same marine mollusks that
currently inhabit the littoral zone along the Carolina coast (Reference
I) . . ..r .._ "

2.06.2.4 Between thc blue-gray clay and the Cooper Marl
t in,-to-mediLum sand is ottell found with some broken shells and
C, , mai thin aiycrs ,t bli-gray clay. This earlier beach

depos it is callead "tn-mi!L' sand'" (Reference 1).

2.C . Seismicity. From past earthquake records, it
Jpicwlrs that tile Charleston area experiences a seismic event of

m'derat intcn-it ty with a frequency of one every ten years. It is
('stimated that the Charitston area can expect a moderate to severe

earthqtuake every 75 to 100 years. Of 438 earthquakes reported in
South Carolina between 1754 and 1971, 402 have been in the Charleston-
Slummerville area with the remaining 36 shocks forming a southeasterly
trending zone of activity that is transverse to the structural grain
,)f the Appl;achians. Until ibout 1950, seismic activity in the state I._.
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was concentrated in the Charleston-Summerville area, but subsequent
to that time activity has been primatily outside this locale
(Reference 2).

2.06.4 Soils. Soils show considerable variation within
the project area. The narrow beach fronting on the Atlantic Ocean
consists mainly of sand and shell fragments with a smaller amount
of silt. Most of the ocean beaches in the project area are eroding
due to the action of waves and longshore currents. Inland from the
barrier beach zone to the normal upstream limit of saltwater intru-
sion (3 feet msl) is a tidal marsh with soils comprised of dark -
loams, clays and mucks or peat and medium to high organic content.
If drained, these tidal marsh soils may develop into an extremely
acidic plastic clay known as "cat clay". Soils in this condition
will not support plant life and are difficult to reclaim. Extending
inland from the marsh for about 10 miles are a group of poorly
drained soils occupying areas that are generally below 15 feet msl. S
These soils generally have dark grayish surface layers and dark
sandy clay loam to sandy clay subsoils. Further inland on higher
elevations in gently rolling areas are dark sandy loams with clay
subsoils that are moderately well drained. On more level areas
such soils may be poorly drained.

2.06.5 Mineral Resources. There is no significant com-
mercial production of mineral resources in the project area. The
Charleston area, however, was formerly the most productive area of
phosphate in the state. The phosphatic material, a common marine
phosphate known as carbonate-fluorapatite, is phosphatized Cooper
marl reworked into the lower part of the Ladson formation. Phosphate

mining in the area has been insignificant since 1920 and ceased
entirely in 1938 (Reference 4). In addition to the above-mentioned
phosphate, the only other minerals of possible economic value are . . -

marl, clays, sand and gravel (Reference 5).

2.07 Nature of Charleston estuary bottom sediments. 0

2.07.1 General. Examination of physical size characteris-
tics of Charleston Harbor bottom sediments indicates several major
sediment types deposited within the Charleston estuary. These include
a longshore drift and continental shelf sand component being deposited
over the major part of the estuary itself, and Holocene sand bars 0
present within the lan('ward rivers. Components can be delineated
by plotting a variety of parameters associated with the size analysis.
For this report they are illustrated by Figure 11 in which samples
with less than 25 percent silt and clay (dominantly fine to medium
sand) are mapped together with samples containing more than 75 percent ....
silt and clay. The sand-silt dividing line is taken at .062mm. The .
longshore drift shelf sand is concentrated both in the vicinity of
the harbor mouth where it grades seaward into continental shelf sands
as well as along the north half of the estuary to the vicinity of
Mt. Pleasant. Bottom samples obtained in the vicinity of the jetties
and landward between Ft. Sumter and Ft. Moultrie contain over 90
percent sand size materials. Landward of these locations the sand -
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fraction is intermixed with silt and clay with the content of silt and 0

clay increasing abruptly toward the west and more gradually toward the
north.

2.07.1.1 Sand also occurs in bottom sediments in the Wando
and Cooper Rivers as indicated in Figure 11. The accumulations here are
related to Holocene and Recent channel deposits. In the Ashley River, . S
similar deposits occur at depth, but surficially are buried by Recent

silt and cltav.

2.07.1.2 Between the two sand components the floor of the
estuary is covered by dark-gray sludge composed of more than 75 percent
silt and clay. Within the area of occurrence of the sludge indicated in
Figure 11, there is no apparent relationship between physical size 0
characteristics and water depth nor harbor currents. It is assumed that
the silt-clay fractions are present in flocculated state such that their
aggregated masses behave physically as much coarser particles.

2.07.2 Chemical characteristics of bottom sediments. The
study of the chemical characteristics of bottom sediments was conducted
by the Environmental Protection Agency during March, 1971. The Charles-
ton District obtained 41 bottom samples from sites selected by an EPA
representative. The sample locations are shown in Figure 12. The
samples were all shipped in a frozen condition to EPA where they were
an;..Iyzed for volatile solids, oil and grease, organic nitrogen, total
kjeldahl nitrogen, total phospherous, chemical oxygen demand, heavy
metals, and radioactivity. The results of their analysis are presented
in "able 3.

2.07.2.1 EPA concluded that all sediments upstream of a line
from Sullivans Island to Cummings Point should be disposed of on upland
-areas (rabove highwater mark), and sediments located seaward of this line
ahould be removed by hopper dredge with disposal far enough from shore S
to prevent fine particles in the sediment from reaching marsh areas.
However, in view of the new regulations governing disposal of dredged
materials in open waters in the ocean these conclusions may no longer
hvi ialid. The new regulations, dated 15 October 1973, are more lenient
with regard to ocean disposal and may allow for open water discharge
of sediments from parts of the inner harbor. Chemical testing to . S
determine if additional materials can be placed in the existing off-
shore disposal area will be initiated in the near future. If the results
of these tests indicate that inner harbor sediments qualify for ocean
di oposal, this method of disposal will be used in those areas where it

o otonotmicallv teasible. See Section 1.05.

?.vI/.2.2 In a more recent study of bottom sediments (Reference
.), tle South Carolina Water Resources Commission collected samples from
tle Ashley River, Cooper River, Intracoastal Waterway, Wando River, and
Sto,no RFivor for analysis by the Laboratory Services Branch of the South
(ar:,olina Pollution Control Authority. The results of their study are
pr,(sentcd in Table 4. Station locations in the Cooper, Ashley, and
.,.indo, Sivers are shown on Figures 13, 14, 15, 16, and 17.

2.n7.3 Pesticides in bottom sediments. As part of the
b lhwl Study (Reference 6), the U. S. Geological Survey collected and
;ilyzed Cooper River bottom sediments for pesticide content. The
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results of this study are presented in Table 5. Although pesticide V

levels appeared to be rather low at most stations, it should be noted
(see footnotes to Table 5) that the ubiquitous polychlorinated biphenyl 0
(PCB) compounds were detected in high enough concentrations to interfere

* with the (Itermnition of pesticide levels in all but three samples.

2.08 Hydrology. Charleston Harbor is normally stratifiad by
..al jnit\, with the surface layers being much fresher throughout most -

o'f the harbor. Extended periods of high river flow in the Cooper
Kivor CAuISe the ocoan water in the vicinity of the harbor mouth to
become diluted with the result that the water entering the harbor
dorinl , flood tides has a lowered salinity.

2.08.1As mentioned previously, the three major rivers
which aIre tributary to Charleston Harbor are the Ashley, the Cooper, Z.

*and the Wando. The Cooper River is the most important tributary
ir that it provides the major source of inflow. The Cooper was
(>riginally a relaitlvely small coastal plains stream having a water-
shed of 720 squiare' Miles. Its average flow at the "Tee", the con-
tinc IIt C- Of its ES 7St and West Branches where most of its inflow had
been received, was about 72 cfs. The diversion by the South Carolina
"uld' Ser,: ice Autho~rity in 1942 of a part of the Santee River's flow
I n L the: ()opr River basin for hydropower generation increased the
iveroige tlow of the Cooper River to 15,600 cfs. Discharge data for the
Pinopolis powerplant are presented in Table 6.

l.08.2 Groundwater. A compilation of existing data on
eroun water was recently prepared by the U. S. Geological Survey in

(C)eraoion with the South Carolina Water Resources Commission
(Reterence 7). The USGS found that the aquifers in the area may

l divided intot unconfined aquifers, those in which the water pro-

Mlcing sediments are not bounded by impermeable material, and
on aofined aquifers which are bounded. In many cases unconfined -
iqe jiftrs and surtace drainage are parts of one system and there is

hdro1 ited intrchnge of water between the confined and uncon-
.ned aquifrs. Most of the dry-weather flow in many streams may

whi ree ted rucharge of confined aquifers underlying the area.

n heConf ived aquifers. The shallow unconfined '
I trs in the.e occur in outcrops of southeastward dipping

71 !f mr i T CLrigin, s;urf hial dune, beach sands, and possibly
* some old tilled stream channels. The principal use of unconfined

* a, i ers in the area is on some of the coastal islands where water
-<,-;tems utilize aI Freshwater lens floating on salt water in beach
Md dune sands. Although systems such as these have been suc- " -'-
v 'sstully uised for years on these islands they have limited use as

biioe , or k ac; supply of fresh water. Their dependence on timely
vCifni~ f'r recha-rgek makes them particularly vulnerable to encroach-

m(ont I salt water during extended dry periods. They are also very
viinerai he to -nttrination from the surface.
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2.08.2.2 Confined aquifers.

2.08.2.2.1 Cooper Marl. Shallow confined aquifers may be
present where the Cooper Marl of Oligocene Age occurs or where the
old stream channels were bounded by relatively impermeable sediments.

The use of these aquifers is very limited.

2.08.2.2.2 Santee Limestone. The Santee Limestone of
Middle Eocene Age is widely used as an aquifer in the study area.
Wells completed in the Santee Limestone yield about 200 to 500 p
gallons per minute (gpm) and range in depth from less than 50 feet
(15m) to about 500 feet (152m) in the vicinity of Charleston.

2.08.2.2.3 Black Mingo Formation. Producing wells within
the aquifers of this formation range from about 100 feet (30m) in
the northern part of the area to more than 500 feet (152m) in p .
the Charleston area. Yields from these wells vary from a few
gallons per minute to several hundred gallons per minute. %

2.08.2.2.4 Peedee and Black Creek Formations. These
formations are Late Cretaceous in age and lithologically are
similar, so much so that they are undifferentiated in most logs. 1 S

The depth to the top of the Peedee ranges from about 150 feet (46m)
in the northern part of the area to about 700 feet (213m) in the
Charleston area. The thickness of the Peedee Formation varies
slightly but is generally about 400 feet (122m). The Black Creek
Formation unconformably underlies the Peedee Formation and the depth _-________

to the top is about 550 feet (168m) in the northern part of the area
to about 1,000 feet (305m) at Charleston. The Black Creek Formation
thickens considerably coastward, ranging from about 550 feet (168m)
in the northern part of the area to more than 1,000 feet (305m) at

Charleston.

2.08.2.2.4.1 The water producing zones in the Peedee Formation
have low transmissivities and yield small amounts of poor quality
water, especially along the coast. Water from wells greater than

700 feet (213m) in depth generally has chlorides in excess of 500 mg/l.
The major producing aquifer in the Black Creek Formation is a coarse
sand near the bottom of the formation. Other minor water producing
sands occur in the upper part of the formation but the water is of , -

questionable quality.

2.08.2.2.5 Tuscaloosa Formation. The Tuscaloosa Formation
of Early Late Cretaceous Age is a regional aquifer in much of the
Coastal Plain of the state and unconformably underlies the Black
Creek Formation. The top of the Tuscaloosa ranges from about 1,000 , 0

feet (305m) in the northern part of the area to more than 2,100 feet
(640m) in the Charleston area.
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2.09 Water Quality.

2.09.1 Charleston Harbor. The water quality of
Charleston Harbor is similar to that of the Ashley, Cooper, and Wando
Rivers from which it is formed. According to the latest state classi-
fications, Charleston Harbor is classified as SC and is not suitable for

* swimming or the harvesting of oysters for market purposes. The water
". quality of the outer harbor is usually higher because of the diluting "
* effect of the ocean. Recently constructed waste treatment facilities

along the lower Cooper and Ashley Rivers have led to an improvement in •
the water quality of the harbor from the condition described in the
Federal Water Pollution Control Administration report of 1966 (Reference
8). A trend of continued improvement in water quality is expected as a
result of these facilities and others in the planning or construction
stage. Recent water quality data collected by the South Carolina De-
partment of Health and Environmental Control are presented in Table 7.

2.09.2 Cooper River. The water quality of the Cooper
River is generally good but according to the latest state classif-
ications, that portion of the river from U. S. Highway 52 to a point
approximately 30 miles above the junction of the Ashley and Cooper
Rivers is classified as Class B (waters suitable for domestic supply S
after complete treatment in accordance with requirements of the South
Carolina State Board of Health, also for propagation of fish, industrial
and agricultural uses and other uses requiring water of lesser quality)
and that portion below that point to the junction of the Ashley and
Cooper Rivers is classified as Class SC (waters suitable for crabbing,
commercial fishing and any other usages except bathing or other shell-
fishing for market purposes, also for uses requiring water of lesser
quality) (Reference 9). These restrictions are based on bacterial con-
centrations, the source of which is thought to be drainage from storm
sewers, surface runoff not collected in storm sewers, septic tanks,
malfunctioning treatment plants, point sources of untreated human
wastes, and domestic livestock wastes. _

2.09.2.1 All domestic sewage discharged into the lower
Cooper River is now subjected to primary treatment and chlorination.
Approximately 10 percent of the sanitary wastes from North Charleston
and practically all of such wastes from the community of Mt. Pleasant
receive secondary treatment. Sanitary wastes from Charleston are
discharged after primary treatment into the mouth of the Ashley River.
A list of discharge sources, their approximate daily discharges, and
type treatment are presented in Table 8.

2.09.2.2 The West Virginia Pulp and Paper Company has by far

the largest volume of industrial discharge into the Cooper River. These S
wastes are now subjected to primary treatment before being discharged
into the river about 5 miles above Charleston, and are scheduled to be
subjected to secondary treatment by late 1975. United Piece Dye Works
discharges approximately 3.0 million gallons daily of untreated wastes
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into Goose Creek which empties into the Cooper River about 6 miles above
Charleston. Facilities to convey this waste to the North Charleston
Municipal sewage treatment plant are now under construction. All other
industrial effluents, with the exception of cooling water,receive at .
least primary treatment.

2.09.2.3 The South Carolina Public Service Authority oper-
ates four steam generating units below the Pinopolis Dam having a
capacity of 412,000 kw. Cooling water is obtained from and returned
to the tailrace canal. The volume of flow in the tailrace canal is * 0
sufficient to prevent a violation of state standards relating to
thermal pollution.

2.09.2.4 One of the major industrial developments along
the Cooper River is the Bushy Park Industrial Area which consists
of land set aside for industrial development between the Back and ,..
Cooper Rivers. The development includes a dam across Back River
which forms a reservoir and a diversion canal from the West Branch
of the Cooper River into the Back River Reservoir. Bushy Park was
originally a joint venture of Charleston and Berkeley Counties
and the City of Charleston to attract industries to the Charleston - .-

area. The City of Charleston now owns about 80 acres and the re- . S
mainder (about 4,300 acres) is distributed among the following in-
dustries: S. C. Electric and Gas Company operates steam generating
facilities, Verona Corporation operates a chemical plant, General
Dynamics operates a plant which makes liquid natural gas tanks,
Du Pont is building a "Dacron" polyester plant, and Moore-McCormick
has acquired land but has not begun construction. There are no .
vacant sites remaining at Bushy Park.

2.09.2.5 The effluent from industries at Bushy Park is
discharged into the Cooper River after treatment, which is considered
adequate to prevent degradation of water quality in the river.
S. C. Electric and Gas uses a 105 foot square oxidation pond for .
treating sanitary wastes of about 50 employees. Retention time
in the pond is about 30 days and the effluent is discharged with
the cooling water into the Cooper River. The volume of cooling
water is about 463 mgd and under conditions of the state permit must
not raise the ambient water temperature more than 4 degrees Fahren-
heit during the fall, winter, or spring and 1.5 degrees Fahrenheit S
during the summer months. The Verona Corporation has a permit to
discharge up to 25 mgd, but recent actual measurement by the S. C.
Pollution Control Authority showed a discharge of about 2.6 to 3.5
mgd. Treatment facilities include an equalization and neutraliza-
tion chamber, two aeration ponds, and two stabilization and settling
ponds. General Dynamics has a state permit to discharge up to 15,000
gallons per day. Waste treatment includes passage through a mixed
activated sludge package treatment facility and chlorination. The
Du Pont plant is not completed but their sanitary permit allows
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a discharge of 2,000 gallons per day. This effluent will be
treated in an extended aeration package treatment plant and
chlorinated.

0
*2.09.2.6 The most recent comprehensive water quality
* studies on the Cooper River were conducted by the U. S. Environ-

mental Protection Agency during October and November, 1971. These
studies were published in April 1974 by the South Carolina Water
Resources Commission as part of the Cooper River Environmental
Study (Reference 10). The main objective of the study was to "
develop some capability for predicting changes which might re- -.K .
sult from rediversion of the Cooper River. To accomplish this -*
objective, the EPA collected samples during periods when the
daily discharge to the Cooper River from Lake Moultrie averaged
20,550 cfs (October 1971) and about 3,000 cfs (November 1971).
A discussion of the pertinent data contained in this EPA report .
is presented in the following paragraphs. The stations referred -

to in the following paragraphs are shown in Figure 18. A summary - -

of all physical, chemical, and microbiological data collected at
each station during the two sampling periods is presented in
Table 9.

a. Temperatures. Average water temperature

at the sampling sites ranged from 20.8 to 22.1 0 C during the

October study and 17.2 to 18.3 0 C during the November study.
Extremes in temperature were 20.0 to 23.5 0 C during October and
14.5 to 22.5°C during November.

b. pH. Average pH values at the EPA sampling
* sites ranged from 7.2 to 7.7 in October with extremes of 6.4 to_- . .

8.3 units. The extremes in November ranged from 6.3 to 8.5 units
with average values of 7.3 to 7.7 units.

c. Dissolved oxygen. Dissolved oxygen (DO) - S
concentration extremes in the reach studied ranged from 3.4 to
8.4 mg/i during October and 5.0 to 8.9 mg/l in November. Average
DO concentrations ranged from 5.9 to 7.8 mg/l in October and from
6.3 to 8.3 mg/l during November. During October, both the minimum
DO concentration and the lowest average concentrations were mea-
sured at the lower stations (1, 3, and 4). In November, the lowest 0
DO concentration encountered (5.0 mg/l) occurred at Station 7 at the
bottom. The following text table presents average DO saturation
values at each of the river stations at high and low slack tide.

i S
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Average Surface and Bottom Values of Percent
Saturation of Dissolved Oxygen

October November
Station HWS* LWS** HWS LWS

1-Surface 70.9 75.9 70.5 72.5
1-Bottom 70.5 67.7 77.7 73.2
3-Surface 81.0 86.6 71.0 75.4 0
3-Bottom 68.5 69.8 68.3 73.9
4-Surface 82.6 88.6 76.7 77.5
4-Bottom 79.0 84.7 73.0 73.S
5-Surface 87.6 89.8 80.0 79.6
5-Bottom 86.3 88.5 80.4 79.3 .

6-Surface 85.7 84.51 80.3 80.5 0
6-Bottom 87.5 85.61 79.6 80.5
7-Surface 84.3 90.91 73.7 78.9
7-Bottom 84.3 89.81 72.7 82.4
8-Surface 87.8 92.11 89.4 91.0
8-Bottom 88.3 93.11 89.9 90.6
9-Surface 82.8 -- 75.6 76.5 - S
9-Bottom 82.4 -- 75.2 71.0

• High Slack Tide S _

•* Low Slack Tide
1 Single determination

• . - "0

Percent DO saturation decreased downstream from Station 8 during
both sampling periods. This reduction in the lower reaches of
the river generally corresponded to an increase in dissolved -

solids and chlorides. There was no significant difference in
DO saturation between surface and bottom samples in November,
however, in October, a significant difference existed between
Stations 3 and 4 at high slack tide and Stations 1, 3, and 4
at low slack tide. Again, this difference was primarily attri-
buted to increased chloride concentrations occurring near the
bottom of the water column.
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d. Biochemical oxygen demand. The five-day
biochemical oxygen demand (BOD5 ) levels measured in both the
October and November studies were low at each station (Table 9).
In October, average BOD 5 levels ranged from 0.8 to 1.1 mg/l with
the highest individual value (2.6 mg/i) occurring at Station 3.
In November, BOD5 concentrations ranged from 0.3 to 1.0 mg/i.

e. Chlorides. Chloride concentrations
* ranged from 7 to 13,400 mg/l during the October study period and

8 to 14,800 mg/l during the November study. An average chloride
concentration of 8 mg/l is considered to be the background level
entering the Cooper River from Lake Moultrie. In October, sur-
face to bottom chloride ratios (S/B ratios) at high slack tide

indicated that a well stratified condition existed in the lower
reach of the river with ratios of 0.266, 0.193, and 0.171 at
Stations 1, 3, and 4, respectively, as shown in the following table.

Surface To Bottom Chloride Ratios

October November
Station HWS* LWS** HWS LWS

1 0.226 0.137 0.567 0.802
3 0.193 0.915 0.499 0.614
4 0.171 1.083 0.532 0.401
5 1.250 1.000 0.827 1.241
6 1.000 1.000 1.067 1.100 0 .

7 0.889 1.000 0.846 1.000
8 1.000 1.000 1.000 1.000
9 0.889 1.000 1.090 1.083

* High Slack Tide

•* Low Slack Tide

At low slack tide, S/B ratios indicated that vertical stratifica-

tion occurred only at Station 1 with average S/B ratios changing S
from 0.317 at Station I to 0.915 at Station 3. Maximum saltwater

intrusion extended as far upstream as Station 4 at high slack tide - ..
and between Station 3 and 4 at maximum low tide.

In November, chloride concentration extremes ranged from 8 to 14,800
mg/l with average concentration ranging from 10 to 9,030 mg/l. An •
average background concentration of 10 mg/i was being discharged
from Lake Moultrie during the sampling period. Surface to bottom
chloride ratios at high slack tide were indicative of vertical

, stratification at Stations 1, 3, and 4 where average readings were
0.567, 0.499, and 0.532, respectively.
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At Station 5, the 3/B chloride ratio was 0.827 indicating a non-
:tratified condition. At high slack tide during the November study,

!;alt water intruded upstream between Station 5 and Station 6. At
low slack tide, S/B chloride ratios indicated a rather weak vertical
st ratitication at Stations I and 3. An average S/B chloride ratio
of 1. 1 at ';t-ition 5 along with an average bottom chloride concen-
trai ia o 1 21 mg/I indicated a well-mixed, essentially freshwater

f. Residue. Total nonfilterable residue (total
su.PcnJed solids) ranged from an average of 9 mg/l at Station 8 to
in :iverage 37 mg/i at Station I during October. In November, total

s3uspended solids ranged from 6 mg/i at Station 8 to an average of
'5 mg/I at Station 3. In both the October and November studies,
the higher concentrations of total suspended matter were measured
near the bottom in those areas affected by saltwater intrusion,
tidal mixing, and industrial pollution. •

Volatile suspended matter followed the same general pattern as the
rtalI sti.spendcd solids. Volatile solids ranged from an average con-

centr titn of 3 mg/I at Station 8 to 14 mg/i at Station 1 during
October ind from 2 mg/i at Station 8 to 12 mg/1 at Station 1 during
\ ,vm,,.r. As with total suspended solids, the higher concentrations '
.1 i!Lit i I colids occurred near the bottom at the lower river -"
itit i ons'

g. Nitrogen. Total Kjeldahl nitrogen (TKN)
,,,onntrations were low throughout the study reach during both the
October and November sampling periods. Extreme values ranged from "
0.21 to 0.59 mg/l in October and from 0.12 to 1.00 mg/i in November.

)nmoui.i nitrogen concentrations were low at all stations during both
-. mpli ng periods. Concentrations ranged from 0.01 to 0.12 mg/1 during

, tibcr and I rom less than 0.01 to 0.08 mg/i during November.
Nitrite-nitrate nitrogen concentrations ranged from less than 0.01
to .2 mg,/l in Octobr and 0.01 to 0.21 in November.

h. Phosphorus. Total phosphorus (as/P) concen-
'A. l, v,. low at all stations during the October study period and
i , o v 0 2 t , 0.08 mg/l. Average concentrations ranged from

1 , -1 i. ,/ Orthoplhospate concentrations (as/P) ranged from
.i, ,. 01 o, 0.07 mg/l during the same period. The highest

a , .11 ll-thophat concentrations were measured ,t Station 1.
',nl 1 '. t,, .ovemrher study period, total and orthophosphate concen-
r i ,icm. w enerallv low at all stations. Total phosphate con- . .

r. it ,, (is/ P) ranged from 0.01 to 0.20 mg/I and orthophosphate .. .

- it i,-ns (:i:--P) ranged from less than 0.01 to 0.10 mg/i.

i. Organic carbon. Total organic carbon (TOC)
I liall to h(. con:istent I Y low at iall stations during the October
)-'1; ii, ... id. (on. entraitio0; extremes ranged from 4.0 to 6.0
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mg/l and average concentrations ranged from 4.2 to 5.2 mg/i.
During the November study, TOC extremes ranged from 3.0 to 10.0
mg/l and average concentrations ranged from 4.6 to 7.7 mg/l. In
general, average TOC concentrations measured in November were 0
slightly higher than October.

j. Metals. Concentrations of copper, chrominum,
lead, zinc, manganese, iron, and mercury were measured by the EPA

at Stations 1, 6, 7, and 9 during the October and November study
periods. As might be expected, the highest concentration of metals 0
was found at the more saline station, Station 1. A summary of
metals data is presented in Table 9.

k. Pesticides. Pesticide concentrations were
measured by the EPA during the October study period only. Eighteen
pesticides were analyzed from composite water samples collected
at each station. The following table lists the individual pesti-
cides and the minimum detection limit of the analytical procedure.
No pesticide levels were detected above the detection limits used.

Pesticides Analyzed For and Minimum

Dectection Limits

jg/1 Minimum
Pesticide Detection Limit

Aldrin <0.005
Lindane <0.002
Chlordane <0.05
Chlorobenzilate <0.5
DDD <0.01
DDE <0.01
DDT <0.02
Dieldrin "0.01
Endrin -0.02
Heptachilor Epoxide <0.01
Heptichtlor -0.00-)
Methoxychlor <0.1
Toxaphene <0.25
Diazinon <0.2
Guthion <..5
Malathion ._ 0.2 -
Methyl Parathion 0.02
Parathion 0.04

24

.. . . . . .- --= .. v ..- -:.-:-:: .. _: ;..:.-.:.. .. .-.-.-.. . . . . . .-. .-. .-. ... -.. I :; : :z: ':-.- % -:-7
. . . . . . . . . . . ..-. . . . . . . . . . . . . ..,. ..-. . .... . . ....-. .". ..° . " " *•"."% -' • ° , %' •. ".° °. • • ••. . % '° ° °-°'- -. -o-. . o°



. . . . - '. ,

1. Bacteria. Station 1 had the highest fecal
coliform densities found during the October and November study per- 7
iod with counts of 830/100 ml and 460/100 ml, respectively. The
lowest densities were found at Station 8 where the respective October 6
and November counts were 26/100 ml and 30/100 ml. There was a general
increase in densities downstream from Station 8 with a noticeable in- -.-

crease occurring in the vicinity of Stations 6 and 7. The higher
levels at Station 7 were possibly caused by an adjacent housing
development. Coliform densities also increased downstream of Station
4 most likely as a result of wastes entering the river from Goose .
Creek and from the municipal and industrial development downstream.
During October, the mean surface coliform density at Station I was
four times higher at high slack tide than it was at low slack tide.
A similar observance was made during November except that densities
were only about twice as high at high slack tide. These data suggest

a possible upstream movement of wastes on an incoming tide.

2.09.3 Wando River. The water quality of the Wando
River is generally good and according to the latest state class-
ifications, it is classified as SB (Waters suitable for bathing
and any other usages except shellfishing for market purposes.
Suitable also for uses requiring water of lesser quality). The .
quality of waters in the Wando River system is being studied in
detail by the South Carolina Water Resources Commission as part of
the Wando River Environmental Quality Study. An interim report on
this study was published in April 1973 (Reference 11). The summary
and conclusions section of the water quality portion of the above
report is presented below. Station locations are shown on Figure 19. '

"l. Dissolved oxygen remained fairly high during
the sampling period (January, 1973) ranging from a low of 7.7 mg/I
to a high of 11.4 mg/l with most of the readings greater than ten.
Dissolved oxygen saturation was above 85 percent most of the time. - ,
The lowest dissolved oxygen saturation reading during the sampling g -
period was 60 percent and this was coincident with a water tempera-
ture of 40 C. The highest DO saturation was recorded as 100 '.
There is an apparent defect in the lower Wando River as measured

" by this criterion. Readings are progressively Lower from the
C (ooper River (Station 1) upstream to the head of Hobcaw Creek at

Station 4 where the lowest average DO saturation was experienced.
Above t1obcaw Creek (Stations 5-8) DO saturation improved dramati-
Cally. Five-day Biological Oxygen Demand (BOD) readings ranged ..

from 1.25 mg/l to5S.2 mg/. with an average of 2.68 mg/i. .OD
readings were generally higher at the stations nearer the river
mouth. In this study BOD was probably about normal considering the
range of water temperatures which prevailed. While no rigid standards

" have been established for water quality based upon oxygen (ontent
alone, the net indication from arbitrary criteria for oxygen
regimes is that a modera-tely high water quality exists in the
Wando River as compared to other waters in the Charleston harbor
environs.
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2. Turbidity as measured by Secchi disk readings
and by turbidimeter is generally low indicating a lack of suspended
or colloidal material. Turbidity readings are somewhat higher at
those sampling points nearer the harbor. %

3. Fecal coliform bacteria were detected in such
numbers as to substantiate assignment of "SB" classification to these
waters. Some of the individual samples give rise to the belief
that standards could be greatly exceeded at certain times of the year
and under varying flow regimes. Station No. 4 located at the head
of Hobcaw Creek gave consistently higher readings than did Station
No. 3 located at the mouth of the tributary. Stations 1-4 produced
generally higher counts than the upstream sampling points No.'s 5
through 8. The sources of human-waste pollution thus appear to be
associated with Cooper River materials which ultimately enter the
Wando and are transported upstream, and with materials that enter
Hobcaw Creek presumably from the adjacent residential areas.

4. Heavy metals consisting of cadmium, chromium,
copper, lead, and mercury were tested for and all except lead appeared
singly or in combination in some of the samples. None of the samples
were lead positive. No other metals were assayed.

Cadmium was detected in water samples on three of
the sampling days but not at all stations simultaneously. Concentra-

tions ranged as high as 45 ug/l which is within the range of some
drinking waters (.04 ug/l to 60 ug/l) but exceeds the U. S. Public
Health Service maximum allowable for interstate carriers (10 ug/l). .-

Toxic levels of 200 ug/l are reported to be lethal to fish.

Chromium was detected on only one sampling day
and at only one of the eight stations. This single reading was
543 ug/l which is about ten times the maximum U. S. Public
Health Service standard for drinking water. The magnitude of
this reading and the fact that only one of eighty samples was
positive, casts some suspicion on the accuracy of the test or in
recording findings. While no inference is drawn from this parti-
cular assay, it is not likely that chromium offers any health
problems. In any future quality assessments, chromium detection
processes should be conducted with especial care.

Mercury occurred in 74 of the 80 samples and ranged
in concentration between 0.1 ug/l and 3.10 ug/l. These readings ave-
raged 0.73 ug/l which exceeds the U. S. Public Health Service standard
of 0.50 ug/l, or part per billion.* The naturally occurring abundance
and distribution of mercury in soils and waters accounts for a portion
of the detected amounts of this element. For example, a recent study .
of mercury in soils over the nation (Shacklette, 1971) showed a geo-
metric average of 96 parts per billion (ug/l) for the eastern United
States.** Soils and sediments usually exhibit higher background concen-
trations than does water. This is the result of the affinity of mercury

* EPA states that their proposed level of 2.0 ugll is the applicable standard. •
The average of readings in t e Wando River would then be about 1/3 of the
standard.

•* EPA thinks this figure may be too high.
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for muds and soil material together with the otherwise general insolu-
bility of mercurial compounds. In addition, natural sea water
contains .3 ug/l of mercury.*** (H & M, 1959).**** The presence
of mercury does not necessarily imply a point source of pollution. g

It is concluded from the results of aqueous sample testing that
no critical levels of "heavy" metals occur and that no concern for

public health is expressed.

It should be noted that sea water not only contains measurable quan- * *
tities of the elements discussed as well as others, but that traces of

some of these elements are essential to cell growth in some of the

plants and animals that are a part of the local ecosystem."

2.09.4 Ashley River. The Ashley River is somewhat turbid .

and its banks are highly urbanized. According to the latest state g *
classifications, the Ashley River is Class SC and as such is not suit-

able for swimming or the harvesting of oysters for market purposes.
Although no recent data are known to be available concerning quality of
Ashley River waters, it is believed that considerable improvement in
water quality has recently been achieved as a result of newly con-
structed waste treatment facilities. Prominent among these are the two
secondary sewage treatment facilities operated by the St. Andrews Public
Service District which handle most of the wastes from the urban area
adjacent to the Ashley River. In addition, all sewage discharged into
the mouth of the Ashley River from the City of Charleston received
primary treatment and chlorination. Current discharge sources along the
Ashley River, their approximate daily discharge and type of treatment .

are presented in Table 10.

2.10 Air Quality. The Charleston County Health Depart-

ment monitors air quality in the project area. Air quality varies with
industrial development, the volume of automobile traffic, and local air
circulation patterns. These factors interact in such a way that the S . _

highest suspended particulate content is found over parts of peninsular
Charleston. The average suspended particulates measured during the " .

period July through September 1973 at a station on the co ner of Calhoun
Street and Lockwood Drive ranged from 29.48 to 37.66 ug/m5. Another
peninsular station is located on the Queen Street Fire Station, where
the geomeiric mean level of suspended particulates was reported to be __0

48.1 ug/m during the period November 1972 to March 1973. These levels
are well within the Federal standard which is 75 ug/m 3 and the State
standard which is 60 ug/m

3.

**EPA suggest,; that 0.05 ug/l is a more accurage figure for normal
concentration of mercury in sea water. . -. "

**** Should read (HEM, 1959).
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2.11 Climate. The prevailing winds are southerly
in the spring and summer and northerly during the fall and winter.

The proximity of the ocean has a tempering effect on Charleston's
climate. In winter, the minimum city temperature may register 0
from 10 to 15 degrees higher than that recorded at the airport
located 10 miles inland; this marine influence may also cause
the city's maximum temperatures to be lowered several degrees.

2.11.1 The winter months, December through February,
are mild with rainfall averaging 18 percent of the annual total; .
spring rainfall from March through May averages about 20 percent
of the annual total. A temperature of 20 degrees or less is
seldom experienced. Some chance of snow flurries may occur in
January, but a significant amount is rarely measured.

2.11.2 The summers are warm and humid; however, the -
temperature seldom reaches 100 degrees. Forty-one percent of
the annual rainfall occurs in summer, mostly from scattered
thunderstorms. The weather is moderate and sunny from late
September to early November. The coastal area is subject to
hurricanes during the summer and fall, with hurricane visitation
occurring most often in August. The highest recorded hurricane .
surge tide was 11.2 feet above mean low water during the August
1893 hurricane.

2.11.3 The information below was compiled by the
National Weather Station at the Charleston Municipal Airport,

Charleston, South Carolina, and published by the Environmental
Data Service, National Oceanic and Atmospheric Administration,
U. S. Department of Commerce.

METEOROLOGICAL DATA FOR PERIOD OF RECORD

NORMAL DAILY NORMAL TOTAL PREVAILING HEAVY .
TIME TEMPERATURE F.0  PRECIPITATION DIRECTION FOG

MAXIMUM MINIMUM (INCHES) OF WINDS DAYS
No. of Years 29 29 29 14 20

January ..... 61.2 38.3 2.54 SW 4
February .... 62.5 40.4 3.29 NNE 2
March ....... 68.0 45.4 3.93 SSW 2
April ....... 76.9 52.7 2.88 SSW 2
May ......... 83.9 61.8 3.61 S 2
June ........ 89.2 69.1 4.98 S 2
.July ........ 89.2 72.0 7.71 SW 1
August ...... 88.8 70.5 6.61 SW 1 ]
September... 84.9 66.2 5.83 NNE 2
October, 77.2 55.1 2.84 NNE 3
November .... 67.9 43.9 2.09 N 4

December .... 61.3 38.6 2.85 NNE 3

Year ........ 75.9 54.5 49.16 NNE 28
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2. 12 Biological Resources.

2.12.1 Plants. In 1971, the Marine Resources Division
of the South Carolina Wildlife and Marine Resources Department pre-
pared an inventory and evaluation of wetlands to determine the 
(pLant i ty and quality of tidal marshlands within the Charleston
lar'bor estuary. This study was conducted under a contract with
he . S. Army corps of Engineers as part of an estuarine values

sLxudy and was published in December, 1972 (Reference 12). The
final report is available for public review in the Charleston
District office. A discussion of the pertinent aspects of this •
report is presented in the following paragraphs.

12.1..01 The Charleston estuary historically has been
rkcognized for its value to fish and wildlife resources. The
productive role of lands in this area has been profoundly illus-
trated atd stressed by Lunz (Reference 13 and 14). The vegeta- 0
tion of the marshlands complex in Charleston Harbor is varied
anod it is now recognized that the types of vegetation present
p ay a le- y role in the processes of biological productivity.
Research by Odum (Reference 15) has shown that salt marsh
grass, by convcrting inorganic nutrients and sunlight into
Si ant tiasue, at as energy transfer mechanisms to consumer
,rgan a. in the estuarine system. Field observations and ex-

perimental trawling operations in the harbor system have clearly
shown that tremendous quantities of dead marsh vegetation are
transported to adjacent estuarine waters during the winter and
earlv .pring at times of extremely high tides. Teal (Reference -.
10) has calculated that approximately 45 percent of the total
pliant miterial is transported out of Georgia salt marshes into
the e:stuary. This is also true in the Charleston area where
the tidal range is large. Dead grais may become waterlogged

i ink to the bottom or may be physically as well as biologically
di,,integrated into particulate organic detritus, becoming food . ..
ior various invertebrates. These organisms are in turn eaten by 0
;m,11 ish1 which are subsequently consumed by larger predators,
etc. lh us, the link between fish and marsh is evident according

I. [eal (Re-furence 16). It is estimated that only about 7
PtO-(e11 oi th, marsh grass is eaten by insects, with the remainder
5 ,_-in., ori-;umed by detritus feeding organisms such as amphipods,

111 ,d d ,'Ca pod crust,',,,ans (3hrimp and crabs), and fishe,,;.

. I .0_ The importaince ,f marshlands to cstuarin, pro-
Jll( t :vit\ i,- not Iimited to the detritus they produce. Applying

It w,,:-k (R renee 610) to ..omparable spartina marsh in the
3mrb ,., e, posti late that algae moy accOunt for up to one-fourth
11 1! , , tcriai prodLc'd in a ,a alt ma1rsh. In fact, it

c bcm nho-ni by Pomeroy (Reference 18) that net algae production
l- 'oust lit L hroIlp0OU t the year.

- -S
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2.12.1.03 Productive salt marshes of Charleston Harbor .

are dominated by smooth cordgrass which occurs as tall, inter-
mediate and short forms, depending on elevation. Tall cordgrass
grows vigorously in areas below an elevation of 1.59 m. (5.2 feet) 0
msl in Charleston Harbor and is the most productive of the three
types. Odum (Reference 15) reported that smooth cordgrass produces

approximately 2,000 g/m2 or 10 tons per acre (dry weight) in Georgia
marshes; this figure is applied to the entire crop of this species
in Georgia. While there is evidence to infer that Georgia marshes

do not average 10 tons per acre (actually 2,240 g/m2 ) as reviewed by S
Wass and Wright (Reference 19), there are data indicating that smooth
cordgrass averages more than 4.4 tons per acre (985 g/m 2) in North Carolina
saltmarsh (Reference 20). These data suggest that annual production
in South Carolina saltmarshes would range between 2.9 and 4.4 tons
per acre at a minimum. Charleston Harbor marshes would probably
be somewhat higher in production than the State's average since the S
cordgrass so prevalent in this area appears to be extremely vigorous
in certain areas. Nutrients from sewage pollution in years past
may have been beneficial in stimulating growth even though the water
quality was degraded. Marshall (Reference 21) showed that cordgrass
marsh receiving sewage plant effluent produced more biomass, reached
its peak biomass sooner and was apparently not injured by fertiliza- •
tion.

2.12.1.04 Black needlerush is also commonly found in
Charleston Harbor marshlands. It is generally considered the least
important of the common marsh plants (Reference 22) and is usually
associated with higher fringe areas above the mean high water line. S
However, during this survey black needlerush was found in mixed
stands with smooth cordgrass in upstream locations of transition
from salt to brackish and fresh water.

2.12.1.05 In the upper Cooper River near Goose Creek
and upstream to the "Tee", the marsh vegetation gradually changes [ S
to a brackish and freshwater type. Brackish water marshes in the
Charleston Harbor study area occupy a transitional zone area between
true salt marsh and fresh water marshes. These marshes are prevalent
in the upper Cooper from the area of its confluence with Yellow House
Creek to the vicinity of Bushy Park and Moreland Landing. While many
of the salt marsh species still occur in this area, there is a trend I S
toward greater diversity including such species as bulrushes, cattail,
giant cordgrass, etc.

2.12.1.06 Plant zonation in the lower harbor is more
subtle and difficult to define where unconsolidated stands of
smooth cordgrass are found. Generally, there are four zones that & S
can be delineated from the water's edge to the woodland: (1) the
"edge marsh" or tall smooth cordgrass zone; (2) the "low meadow"
or medium smooth cordgrass; (3) the "saltgrass meadow" or stunted
smooth cordgrass - salt grass, salt meadow cordgrass zone; and
(4) the "high meadow" or salt meadow cordgrass - black needlerush -

glasswort - sea ox-eye zone. P S
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2. L .L. i7 11ht! dilicrent plant zones in the Charleston
liarbr ar aa art- assigned to a single priority based on overall
VnbuLc t') marine resources. These priorities are as follows:

Priorit'l. T) include areas of highest value to fisheries and 60
wildl ilc' resources; consisting primarily of regularly flooded,
high sal inity marshes. Regularly flooded, brackish marsh could
be included dependent on location. Vigorous smooth cordgrass
(mediu m and tall growth) as described in vegetative zones (1)
and (2) above is the dominant vegetative type.

Prioritv ii. To include areas of second highest value to fisheries
and wildlife resources; consisting primarily of regularly flooded
salt and brackish marsh. Regularly flooded fresh marsh could also
be included. Smooth cordgrass (medium growth) as described in vege-
tative zone (2), is the dominant vegetative type. Regularly flooded
black needle rush, giant cordgrass and related brackish and fresh •
vpes, are included dependent on location.

Prio2rit' Ill. To include areas of third highest value to fisheries
and wildlife resources; consisting of irregularly flooded salt,
bra;ckish and fresh marsh, flats and barren zones. Black needlerush,
salt meadow cordgrass, sea ox-eye, salt grass, glasswort, and stunted . •
smooth cordgrass are generally found in vegetative zones (3) and
(i). Areas within this priority are classified as realistic for

Priority IV. To include areas of little value to fisheries and wild-
lie resources; consisting of irregularly flooded salt and brackish 0
marsh, flats, barren zones and areas significantly altered by develop-

ment. 'these areas are not classified since they have very little
,otuntial for management. Outer margins of diked disposal areas,

andiked dispos nl areas and areas fouled by industrial or other wastes
ar, chara. cteristic of this type.. .

2.l?.l.(.j The S. C. Wildlife and Marine Resources Department
nis o ignWd Lhe following priorities to the marsh areas along the
I wvr svstims (Wando, Cooper, Ashley) of Charleston Harbor. The

Iw 1 L; tc',L table presents ii component breakdown of the marsh
:-po, in Cicrl eston Harbor.

MARSHLAND ACREAGE BREAKDOWN

Priority Classification. Charleston Estuary Marsh (Acam)- "

.Subsystem Priority I Priority II Priority III Priority IV

Wando River 9,871 976 0 0
Harbor 3,148 2,066 116 0
Stono River 0 808 0 0 - -

Ashley River 2,760 1,527 568 0
Cooper River 0 9,172 30 1,641

Total 15,779 14,549 714 1,641
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2.12.1.09 The Cooper River System (Figure 21 and 22) has
9,172 acres of Priority II march, 30 acres of Priority III marsh
and 1,641 acres of Priority IV marsh. There are no Priority I
marshes within this system. 0

2.12.1.10 The Wando River System (Figure 23) has 5,471
acres of Priority I marsh and 976 acres of Priority II marsh. There
are no Priority III or IV marshes within this system.

2.12.1.11 The Ashley River System (Figure 24) has 2,760 ,
acres of Priority I marsh, 1,527 acres of Priority II marsh, 568
acres of Priority III marsh and no Priority IV marsh.

2.12.1.12 Charleston Harbor (Figure 25) contains 3,148
acres of Priority I marsh 2,066 acres of Priority II marsh, 116
acres of Priority III marsh and no Priority IV marsh. p S

2.12.1.13 Other abundant plant species in the Charleston
Harbor area include but are not limited to wax myrtle, sea-myrtle,
marsh elder, cabbage palmetto, pokeweed, sedge, stiff fimbristylis,
crab grass, eastern red cedar, loblolly pine, sweetgum, southern
magnolia, black gum, red bay, black cherry, water oak, live oak, 9 0
sandspurs, bermuda grass, greenbriar, soft-stem bulrush, southern
wild rice, alligatorweed, narrow-leaved cattail, chinese tallow-
tree, pennywort, spike-rush, smartweed, salt-cedar, aster, coco,
and marsh mallow.

2.12.2 Wildlife. With its great natural resources and .
variety of habitat types which include marshes, high lands, swamps,
and fresh and salt waters, Charleston Harbor and surrounding areas
abound with a wide variety of wildlife species. Not only are there
a large number of resident species, but there are many seasonal .

visitors which breed, overwinter and/or pass through this section
of the U.S. .

2.12.2.1 Birds. There are a great number of resident
and seasonal birds within the Charleston Harbor area. Many water-

fowl species may be seen during various times of the year including
the mallard, black duck, pintail, American widgeon, blue-winged
teal, green-winged teal, wood duck, redhead, canvasback, ring- 0
necked duck, greater and lesser scaup, common goldeneye, buffle- .
head, ruddy duck, American coot, common gallinule, and purple
gallinule.

2.12.2.1.1 Other species associated with freshwater or brack-
ish habitats include the common egret, snowy egret, cattle egret, .
belted kingfisher, marsh hawk, double-crested cormorant, common loon,
pied-billed grebe, great blue heron, Louisiana heron, little blue
heron, green heron, black and yellow-crowned night herons, American
bittern, least bittern, glossy ibis, white ibis, Virginia rail, sora "
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rail, king rail, clapper rail, long and short-billed wren, red-winged
blackbird, boat-tailed grackle, common snipe, the eastern brown
pelican and osprey.

2.12.2.1.2 Shorebirds and gulls found in the area at various 0
times of the year include the American oystercatcher, semipalmated . -

plover, Wilson's plover, willet, dunlin, short-billed dowitcher,
sandpipers, black-necked stilt, herring gull, laughing gull, ring-
billed gull, royal tern, and killdeer.

2.12.2.1.3 Upland species include the turkey vulture, black 0
vulture, sharp-shinned hawk, red-tailed hawk, red-shouldered hawk,
osprey, sparrow hawk, turkey, bobwhite, American woodcock, rock dove,

mourning dove, ground dove, yellow and black-billed cuckoo, screech
owl, great horned owl, short-eared owl, barn owl, barred owl, chuck-
will's-widow, whip-poor-will, common nighthawk, common flicker, pil-
eated woodpecker, red-bellied woodpecker, yellow-bellied woodpecker, S
hairy woodpecker, downy woodpecker, eastern kingbird, tree swallow,
purple martin, blue jay, common and fish crow, robin, mockingbird,
tufted titmouse, and other dickeys.

2.12.2.2 Mammals. Although the immediate Charleston Harbor
area offers only limited habitat for most mammal species due to ex- 6
tensive development, suitable habitat is available in the marshes
and uplands associated with the numerous tidal creeks and rivers
which enter the harbor. Mammals commonly associated with these
areas include the opossum, various shrews, eastern mole, various
bats, raccoon, long-tailed weasel, mink, river otter, striped
skunk, gray fox, bobcat, eastern gray and fox squirrels, southern _
flying squirrel, numerous mice and rats, eastern cottontail rabbit,
marsh rabbit, white-tail deer, and feral pig. The only marine
mammal commonly observed in the harbor is the Atlantic bottle-
nosed dolphin.

v- - .,

2.12.2.3 Reptiles and Amphibians. The most common S
marine reptile in the area is the diamondback terrapin. Other
turtles that occur in the harbor and offshore waters include the
Atlantic loggerhead and the Atlantic green turtle.

2.12.2.3.1 Within the three river systems and in the harbor
itself, there are a great number and variety of reptiles and am- S

phibians. Animals commonly found in the freshwater aquatic habitats
are the alligator, common snapping turtle, spotted turtle, eastern
mud turtle, chicken turtle, Florida and spiny soft-shell turtle,
black swamp snake, banded water snake, brown water snake, eastern
cottonmouth, lesser and greater siren, leopard frog, and bull
f rg._

2.12.2.3.2 In the drier upland habitats are found the

garter snake, eastern hognose snake, southern ring-necked snake,
black racer, eastern coachwhip, rough green snake, yellow rat snake,
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scarlet snake, scarlet king snake, eastern king snake, southern
copperhead, pigmy rattlesnake, canebrake rattlesnake, eastern
diamondback rattlesnake, southern toad, spring peeper, green tree- -
frog, and cricket frog.

2.12.2.4 Rare and endangered species. There are 10 endangered
species, I peripheral species and 3 status undetermined species which
occur or possibly occur in the Charleston Harbor area (Reference 23).

2.12.2.4.1 Endangered species. Endangered species can be
defined as those species in danger of extinction throughout all or a• . .
significant portion of their range. Their peril may result from one or
more causes--loss of habitat or change in habitat, overexploita-
tion, predation, competition of disease.

Endangered species 1/ are:
Fish

Shortnose sturgeon Acipenser brevirostrum

Reptiles and amphibians
American alligator Alligator mississipiensis S

Birds
Eastern brown pelican Pelecanus occidentalis

carolinensis

Southern bald eagle Haliaeetus 1. leucocephalus
Peregrine falcon lalco peregrinus
Bachman's wabler Vermivora bachmanii
Kirtland's warbler Dendroica kirtlandii
Eskimo curlew Numemius borealis
Red-cockaded woodpecker Dendrocopus borealis

The shortnose sturgeon was a resident of Atlantic seaboard rivers 0
from New Brunswick to Florida, however, most recent records are
from the Hudson River. The alligator is commonly observed in
freshwater rivers and lakes. The brown pelican is a commonly observed
resident of coastal South Carolina. The bald eagle is a permanent
resident of the state and although individual birds are occasionally
seen in the vicinty of Charleston, they are not common. The peregrine 0
falcon, Kirtland's warbler and the Eskimo curlew are transient species.
According to the U. S. Fish and Wildlife Service, Bachman's warbler,
one of the rarest of our small birds, has been observed in the Von
Swamp. The red-cockaded woodpecker is a resident of old-age pine wood-
lands.

J/ These species also appear on the Department of Interior's "List

of Endangered Fauna", May, 1974.
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2.12.2.4.2 Peripheral species. A peripheral species--
"is one whose occurrence in the United States is at the edge of its
natural range and which is threatened with extinction within the
United States although not in its range as a whole." The only S
peripheral species known to occur in the project are is the
roseate spoonbill (Ajaia ajaja) which is a transient.

2.12.2.4.3 Status undetermined species. A status undeter-
mined species--"is one that has been suggested as possibly being
rare or endangered, but about which there is not enough information 0
to determine its status." The following species are in this category:

American osprey Pandion haliaetus carolinensis
Wood ibis Mycteris americana
Eastern pigeon hawk Falco c. columbarius

The osprey and wood ibis are locally common in the area.

2.12.3 Fish. The vast complex of salt and freshwater
marshes, sounds, tidal creeks, and rivers in the project area
provides excellent habitat for a diverse array of marine and fresh- -

water fish species. .

2.12.3.1 Cooper River. The principal freshwater sport
fishing areas are located in the Cooper River and contiguous waters.
The Cooper River is characteristic of a large river because of the
large volume of water released from Pinopolis dam for power genera-
tion. Peak discharges frequently inundate about 7,300 acres of .. .......
marshes and abandoned rice fields. The inundation of these low-
lying areas provides habitat for small fishes and invertebrates
which contribute a significant amount to the overall productivity
of the Cooper River. This high productivity is reflected somewhat
in the large number of fish species (73) collected from the river
during a recent study.. .

2.12.3.1.1 The Cooper River annually receives runs
of anadromous fish with large numbers of striped bass, blueback
herring, and American and hickory shad ascending the river to spawn,
mainly in the West Branch between the "Tee" and Pinopolis Dam. Just .-

below the dam and adjacent to the tailrace canal, the South Carolina •
Wildlife and Marine Resources Department operates a striped bass
hatchery. Fry produced at this hatchery come from eggs which are
stripped from Cooper River striped bass captured in the tailrace
canal.

2.12.3.1.2 The transition from a marine to a freshwater -- .
environment usually occurs in the general vicinity of the junction
of Goose Creek and the Cooper River. The best freshwater fishing
and the most heavily utilized areas are the East Branch of the
Cooper River and the tailrace canal. The Back River Reservoir is
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also heavily fished, partly because of convenience of access. Good
fishing is also provided by the West Branch of the Cooper River be-
tween the "Tee" and the vicinity of Goose Creek.

2.12.3.1.3 Principal species appearing in the sport fish-
erman 's catch on the freshwater portions of the Cooper River and
contiguous waters are striped bass, largemouth bass, bluegill, black
crappie, redbreast sunfish, redear sunfish, warmouth, spotted sunfish,
channel catfish, chain pickerel and bullheads.

2.12.3.2 Charleston Harbor and contiguous waters. Recent
studies on the value of Charleston Harbor to marine resources were
conducted by the Marine Resources Center of the South Carolina Wildlife
and Marine Resources Department in cooperation with the U. S. Army Corps
of Engineers (Reference 12). The purpose of this study was to evaluate
the adult and juvenile fish fauna in the system and to incorporate these
findings into an overall assessment program for the coastal zone.

2.12.3.2.1 Research trawling for this study was con-
ducted during 1970-1971 on a monthly basis and has provided
pertinent data on various faunal elements which definitely
establishes the Charleston Harbor area as an important nursery
area. As might be expected, the trophic structure of the estu-
ary varies from season to season with biological activity reach-
ing a low point in the winter as many species become relatively
inactive or migrate to offshore waters. In the spring, there
is a rapid rise in ecosystem metabolism and productivity increases
at all levels.

2.12.3.2.2 Sampling stations occupied during the study
were located in the Ashley River and Beresford Creek and near
Ft. Johnson and Hog Island. A summary of the species captured
in the Charleston Harbor area and Morris Island area during
this study are presented in Tables 11 and 12, respectively. A •
total of 70 species of fish were captured, many of which are
valuable in the makeup of commercial and sport fisheries in the
project area. As shown in the tables, some of the species
captured are year-round residents and are found in all zones of
the harbor while others are migrant forms that utilize the harbor
as a nursery area and then move into offshore waters. The great
diversity of species found during this study tends to document
the fact that the Charleston Harbor area is a valuable asset to
the area's marine resources.

2.12.3.2.3 The harbor and adjacent inshore and offshore
waters support an intense sport fishery. Principal species
caught in inshore waters by surf, pier, and small boat fishermen
include but are not limited to red and black drum, sheepshead,
northern kingfish, striped bass, bluefish, spotted seatrout,
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spot, croaker, cobia, flounder, Florida pompano, toadfish, black
sea bass, gatftopsail catfish, sea catfish, ladyfish, and Spanish
mackerel.

2.12.3.2.4 In addition to the aforementioned inshore 6
fishing, there are many charter boats, head boats and large pri- . -

vate boats which fish the offshore waters for king and Spanish
mackerel, bluefish, dolphin, white and blue marlin, sailfish, -. -.
wahoo, cobia, crevalle jack, barracuda, little tunny, skipjack

tuna, amberjack, black sea bass, groupers, red and vermillion _'

snapper, red porgy and triggerfish. -

2.12.3.3 Ashley River. The Ashley River contains the
common freshwater and marine forms found in other coastal streams
of this area, although studies reported on in 1964 (Reference 24) .'-

indicate that biological productivity in the river appears to be
lower than that of other coastal streams. This condition was attri-
buted to domestic and industrial pollution, which occasionally became
Severe enOugh to cause fish kills. However, significant improvement
in water quality of the Ashley River has occurred since this report
was written as a result of improved waste treatment practices.
Although biological studies of the scope of those conducted in 1964
have not been conducted recently, local reports indicate that fish . ..
kill-, n,, longer occur and fisherman use and success have been
increasing as a result of improved water quality. The Ashley River
also serves as a nursery for blue crabs, brown and white shrimp,
and various marine finfish.

2.12.3..4 Wando River. The Wando River generally contains
the same fresh and saltwater fishes found in other coastal streams.
Most :;port fishing is by small boat for spotted seatrout, red drum,. -

flounder, striped bass, and spot. Sports fishermen also take blue
crabs and castnetters take a few shrimp.

2.12.3.4.1 The river is classified in the SB category which
purmits bathing, fishing, crabbing and other uses but prohibits the
taking f oysters and clams except for transplanting to other waters

from which they can ultimately be gathered. Recent information
indicates that sub-tidal seed oysters occupy about 390 acres in the
Wando River. Scattered concentrations of intertidal oysters also
occur in the river. Commercial fishing is limited to a small blue 0
c rab fishery.

2.12.3.'-.2 The Wando River also serves as an important
nursery fur many marine forms which later contribute to area
sport and ommerc ia I i isher ies.

2.12.4 Commercial fisheries. Annual fishery landing
statistics compiled by the National Marine Fisheries service in ..-

cooperation with the South Carolina Wildlife and Marine Resources
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Department show that commercial ftihing in the Charleston area is
a multi-million dollar industry. Principal species landed include
shrimp, oysters, blue crabs, clams, alewives, American eels,
flounder, whiting, black sea bass, and spot. Other species marketed ,
include bluefish, croaker, black drum, red drum, groupers, grunts,

*.. king mackerel, menhaden, mullet, pompano, porgy, gray seatrout, .

spotted seatrout, shad, sharks, sheepshead, red snapper, vermillion
snapper, Spanish mackerel, sturgeon, and squid. Landing data for .-.

the period 1964 to 1973, which may include species captured in areas .

other than Charleston, are presented in Table 13.

- 2.12.4.1 Upstream of the harbor in the tailrace canal and
*. in Lake Moultrie, there is a commercial fishery for herring. During

the spring of 1973, a total of 363,600 pounds or 805,000 herring
were harvested from the Cooper River between March 5 and April 18.
This represents a decline in both fishing pressure and harvest when
compared to 1972. The herring catch on Lake Moultrie totaled

* 63,340 pounds in 1973 (Reference 25).

2.12.5 Invertebrates. Macroinvertebrates commonly
associated with the saltmarsh environment in the project area include
a variety of crustaceans, mollusks, and polychaetous annelids. Ben- r

thic fauna in the offshore disposal area was found by the South
Carolina Wildlife and Marine Resources Department to be impover-

ished with little diversity and very small numbers of individuals
as compared to inshore areas.

2.12.5.1 Crustaceans found in the area include two

species which are commonly observed during periods of low tide,
the mud fiddler crab and sand fiddler crab. The mud fiddler
crab lives primarily on the clayey or muddy intertidal flats
among the roots of cord grass while the sand fiddler crab gener-
ally inhabits the sandier substrates in areas near the high tide
line. Other small crabs which are common in the marsh are the
Red-jointed fiddler crab, mud crab, flat mud crab, and wharf crab.
The red-jointed fiddler crab is quite abundant in the brackish
water marshes. The mud crab is found in areas containing heavy oyster
growth or shell accumulation; the flat mud crab occurs on the muddier
substrates in the lower portions of the marsh; and the wharf crab is
found near the high tide line where it actively crawls about on wharves
and stone jetties or rests in shallow burrows along the shores. Other
crustaceans commonly found in and around the marsh at various times of
the year are blue crabs, hermit crabs, brown and white shrimp, mantis
shrimp, grass shrimp, isopods, amphipods, and barnacles.

2.12.5.2 The American oyster is the most common pele- L
cypod mollusk found in the area's marshes and generally occurs
in clumps or large beds in the small tidal creeks. The collecting
of oysters for human consumption is prohibited in the harbor area
because of bacterial levels which exceed state standards. These .- ..
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beds do, however, provide seed oysters and habitat for many species of
fishes and invertebrates. Oyster larvae as constituents of the plank-
ton community also serve as food for larger fish and invertebrates.
The Atlantic ribbed mussel and the hard shell clam are also found in theI S
area. The ribbed mussel is generally found in sandy mud or attached to
oyster shells while the hard shell clam is found on sandy or muddy
bottoms, between the tides ind in shallow water.

2.12.5.3 Gastropod mollusks commonly observed in marshes
around the harbor include the common marsh periwinkle, eastern mud

snail, and the salt marsh snail. The periwinkle is generally found
on cordgrass in the higher regions of the marsh near sandy substrates
while the mud snail occurs in low areas where the substrate is
always wet and muddy. The salt marsh snail is usually found near
the high tide line under windrowed plant debris.

2.12.5.4 Polychaete worms also inhabit the salt marsh, -
sometimes in large numbers, and are found on a wide variety of
substrates.

2.12.5.5 Although much of the salt marsh in the project
area provides suitable habitat for the numerous invertebrates
mentioned above, suitable habitat is somewhat limited in the
deeper portions of the estuary. Samples collected during
September 1965, by the former FWPCA for the Charleston Harbor
pollution study revealed that adverse conditions for benthic
organisms existed in many of the deeper reaches of the harbor.
As a result, population numbers were generally found to be low , *
with polychaete worms being the most common group of animals -

collected. The lower reaches of the Ashley and Cooper Rivers
were found to be highly polluted and lacked bottom associated
organisms at mid-channel stations. Moderately polluted areas
were found in the main harbor from the mouths of the Ashley,
Cooper and Wando Rivers to near Ft. Sumter. The only benthic -,

organisms collected in these reaches were polychaete worms.
Seaward of Ft. Sumter, benthic environments were not found to
be polluted to any great extent. Animals collected in this
reach included polychaete worms, shrimp, and crabs.

2.12.5.6 Economically, the most important invertebrates ,
found in the estuary are the brown and white shrimp and blue
crabs. As shown in Table 13, the commercial shrimp landings in
the Charleston area in 1973 amounted to over 4 million pounds valued
at almost 4.5 million dollars. Blue crab landings for this same
period amounted to over 2 million pounds valued at over 400,000
dollars.

2.12.5.7 Aside from direct economic values, all inverte-
brates in the estuary are available as food for other marine inverte-
brates and fishes at some stage in their life cycle. For example, two .. .
studies conducted in Florida skowed that invertebrates constituted
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the principal source of food for more than 94 percent of the fishes

harvested in Florida's valuable sport and commercial fisheries
(Reference 34 and 35). A similar condition probably exists in
the Charleston Harbor area.

2.12.6 Zooplankton

2.12.6.1 Available information on species composition and
abundance of plankton populations in the Charleston Harbor area is
rather limited. One of the first studies of the abundance of these

organisms in the harbor area was completed by Bears Bluff Laboratories,
Inc. in 1964 under a contract with the U. S. Fish and Wildlife

Service (Reference 24).

2.12.6.2 The Bears Bluff report gives the following

account of plankton populations in the Ashley, Cooper, Wando and
Santee Rivers:

"Information from Plankton studies indicates that all of the river
systems studied are areas of abundance for many zooplankton forms,
including larvae and postlarvae of commercial species of fish and
shellfish. The Santee River system was found to have the greatest
recruitment of fish larvae and postlarvae, chiefly spot, croaker,

and menhaden, over the study period. Blue crab larvae were most
plentiful in the Wando River. Penaeid shrimp postlarvae were not
plentiful in any of the rivers surveyed during 1963-1964, and this
was reflected in the very low commercial shrimp catch over this
period. Although the Ashley River was not found to be a region of
comparatively great abundance for the larval and postlarval forms
of commercial species, this river nonetheless ranked high in the
abundance of copepods, mysid shrimp, etc., indicating that it is an
area of high zooplankton productivity. On the basis of total zoo-
plankton productivity it appears that of the four river systems
studied, the Wando and Santee rank highest, with the Ashley River
second. The Cooper River was found to be an area of very low
zooplankton production, both for commercial and non-commercial
forms.

The biological studies of the four rivers, when compared with
similar studies made by Bears Bluff Laboratories throughout South
Carolina since 1953, points to the fact that each river system
differs somewhat from the others, but none of the four here reported
on is so greatly different in numbers, kinds, and conditions of
marine ogranisms to make it outstanding or abnormal."

2.12.6.3 Tables 14, 15 and 16 are reproduced from

the Bears Bluff report (except for table numbers) and present
data on species captured and catch per unit of effort in the
Cooper, Wando, and Ashley Rivers. Catch per unit of effort was
figured as follows:
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"in estimating the abundance of the various zooplankters collected

during this survey 'catch per unit of effort' values were used.
The number of any particular form or species collected per twenty
minute tow wi~s designated as its catch per unit of effort for that
tow. Tii, total number of zooplankters of a particular form
(olle,'t2d during one month divided by the number of tows made in
that month, would then give the average monthly catch per unit

ft ftort for that form."

2. I2.r. In a more recent study (1971) the National
1arinc ristivries Service (Reference 26) determined standing crop

Old - i o. vmposition of free-swimming aquatic macro-organisms

in thvL t iai streams of the lower Cooper River system (Figure 25)

hring the spring, summer, and fall. A total of 45 species of
ii,;h inl three species of crustaceans representing 28 families
werv colii.cted during the three sampling periods (Table 17). A
t,,ta1 t 3 , species were collected in the fall, 33 in the summer,
and 2, iLn the spring. The greatest number of individuals, however,
was taken in the summer (502,523/acre) and spring (189,131/acre).
The avcrage in the fall sample was 122,164/acre. The average stand-
ing crop for the three surveys combined was 271,273 organisms/acre.

2.12.6.5 Of the 45 fish species collected during the three
survey periods, 10 species accounted for 95 percent of the total

catch and three of these species accounted for 75 percent of that
totaL. Listed in decreasing order of abundance, the 10 most abun-

dant species were Atlantic croaker, Atlantic mendaden, mummichog,
bay anchovy, spot, freshwater goby, striped mullet, silver perch,
tidewater silversides, and southern flounder.

2.12.6.6 Invertebrates collected included grass shrimp,

white shrimp, and blue crabs. Numerically, the invertebrates were
most abundant accounting for 89 percent of the total collections.
Grass shrimp made up 95 percent of the invertebrate catch.

2.12.6.7 Mean biomass was also dominated by invertebrates
as they made up 63 percent of the 249 pound/acre average. Grass

shrimp accounted for 131 pounds/acre and blue crabs 19 pounds/acre.
The dominant fish species was the American eel at 16 pounds/acre,
followed by striped mullet (13.1 pounds/acre), croaker (12.9 pounds/

acre) and menhaden (12.6 pounds/acre).

2.12.6.8 The authors of this study concluded that "the
studies strongly emphasized the importance of tidal streams as

nursery areas as 65 percent of all organisms collected were marine
euryhaline species, and many of the predominant forms were repre-
sented almost entirely by larval, post-larval, and juvenile stages."

They also stated that: "Unquestionably, the Cooper River upstream .-

of Charleston, S. C. is a dynamic system supporting diverse popula-
tions of freshwater, marine, and anadromous fishes and invertebrates. _
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All of these species are either esteemed as game fishes, commercially
valuable, or important as forage species.

In contrast, the tidal streams of the lower Cooper River system
were considerably more productive than those of the Port Royal
Sound estuarine system surveyed in 1970. Although a greater
diversity of species (67) occurred in the Port Royal tidal
streams, the standing crops of aquatic organisms were by far .-.

greater in the Cooper River study areas. An average of only
8,585 organisms, with a biomass of 60.7 pounds per acre was col-
lected in the Port Royal study areas; the Cooper River tidal
streams supported 32 times that number and four times that bio-
mass of organisms."

2.12.7 Description of offshore disposal area. During
the late fall of 1971 and winter of 1972, the Marine Resources
Division of the South Carolina Wildlife and Marine Resources
Department made five cruises to the offshore hopper dredge dumping
grounds and adjacent areas to ascertain the biological productivity
of these areas. This study was conducted under a contract with
the U. S. Army, Corps of Engineers as part of an estuarine values
study (Reference 12). The final report is available for public

review in the Charleston District office. Pertinent aspects of the
report are presented in the following paragraphs.

2.12.7.1 A total of 28 fish species (see Table 18) was
collected during experimental trawling operations in the offshore
dumping area. This list was checked against a comparable sample
from a near shore area which was collected by the Bears Bluff
Laboratories' survey during the 1960's. The comparison did not
indicate any significant difference in species diversity and/or -"-"-'" "
numbers of individuals. ...

2.12.7.2 A comparison of Table 18 with Table 12 which
presents relative abundance data collected at Morris Island, indi-
cates the inshore area just west and southwest of the dumping grounds
is more productive. The South Carolina Wildlife and Marine Resources
Department attributed this differential productivity to natural
habitat types rather than any adverse effect(s) of dumping.

2.12.7.3 Bottom grab samples at transects in the offshore
disposal area consisted primarily of fine sand, coarse sand and shell
with very little or no mud. A general picture of bottom sediments
in the approaches to Charleston Harbor is presented in Figure 26.
Fathometer readings indicated negligible buildup of deposited
dredged materials. The benthic fauna (see Table 19) were found to 9
be impoverished with relatively little diversity and very small
numbers of individuals, as compared to inshore typically estuarine
areas. However, the South Carolina Wildlife and Marine Resources
Department felt that this was a normal community for this type of
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bottom and concluded that the direct effect of dumping on the
benthic fauna appeared to be limited. Most mollusks probably could
manipulate to the surface after shallow burial.

2.12.7.4 The open shelf habitat from the 60-foot (10 fathom) -
curve to 108 feet (18 fathoms) is characterized by a rough bottom
with coral, limestone and vast invertebrate communities. Beyond
108 feet (18 fathoms), broken or live bottom areas are generally
more scattered and out to 150-180 feet (25-30 fathoms), the shelf
contour is relatively smooth and has a very gradual slope. The
shelf edge habitat off Charleston is characterized by a wide variety
of bottom types. The dominant feature of this area is the remains
of an ancient reef which runs approximately parallel to the coast-
line at depths of 150-210 feet (25-35 fathoms). This is a rich
area for fishing with tremendous growths of invertebrates, sponges
and corals and will be avoided during disposal of dredged material.

2.12.7.5 Generally, the bottom area to the east and

southeast of the dumping site out to the continental shelf has live
bottom areas interspersed at various localities. These are
characterized by outcrops of rock with attachments of sessile
organisms, sponges, etc. and are populated by a variety of fish
species. No dredged materials will be placed in these areas.

2.12.8 Description of diked disposal areas

2.12.8.1 Daniel Island. The Daniel Island disposal
site is located between the Cooper and Wando Rivers just upstream
of the Cooper River bridges (Figure 5). The island is mostly 0
farmland with scattered woodlots on the uplands with a fringe of-_-
Priority IV, Priority II, and Priority I marsh on the west, north
and east sides respectively. The diked disposal area on Daniel
Island currently being utilized for deposition of materials
removed during maintenance dredging is located on the southern .
end of the island. Due to the frequency of dredging, the interior
of the disposal area is mostly recently deposited sediment and there
is little vegetation. Wildlife use in the disposal area is limited
to feeding herons, egrets, plovers, sandpipers, dunlin, willets, . : -

black-necked stilts, gulls, crows, various other bird species, and
small mammals. Wildlife species found in other areas on the island 0
include the above species, deer, squirrel, rabbits, turkey, quail,
dove, various dickeys, waterfowl, and several species of reptiles

and amphibians.

2.12.8.2 Morris Island. Morris Island is located at the

mouth of the harbor on the southwest side (Figure 5). Except for a
small area at the northeast end, it has been diked and is currently
being used as a disposal area for materials being dredged from the
anchorage basin. Vegetation in the disposal area is sparse and . .

wildlife utilization is similar to that described for Daniel Island. -. -.'-"-.
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0
The undiked area on the northeast end of the island is composed of
salt marsh, beach and upland areas which are utilized by small mammals,
reptiles and amphibians, waterfowl, and wading and passerine bird
species. There are no plans for diking this area and using it for
disposal at the present time.

2.13.8.3 Drum Island. Drum Island is located just south of
Daniel Island between Town Creek on the west and the Cooper River on the
east. The Cooper River bridges pass over the Southern portion of the
island (Figure 5). Most of the outer perimeter of the island has been
diked forming a disposal area of approximately 300 acres which is being
utilized for deposition of a portion of the shoal materials removed from
lower Charleston Harbor during Federal, state, and local maintenance
dredging. Vegetation in the disposal area is sparse and wildlife utili-
zation is similar to that in the Daniel Island disposal area. A major
heron rookery is located outside of the diked area on the north side of
the island. This fifteen acre area is densely vegetated with sea-
myrtle, salt cedar, mulberry, wax myrtle, cabbage palmetto, Spanish
bayonet, cord grass and Juncus. This rookery is used primarily by
American egret, snowy egret, Louisiana heron, little blue heron,
black-crowned night heron, glossy ibis, white ibis, cattle egret, .
and yellow-crowned night heron. No dredged material will be placed in
this rookery during maitenance dredging operations.

2.12.8.4 Clouter Creek. The Clouter Creek diked disposal
area is located on the east side of the Cooper River between Mile 11
and Mile 15 (Figure 5). The perimeter of the disposal area is classed
as Priority IV wetlands. Plant species found around the perimeter
include smooth cord grass, big cord grass, black needle rush, cattails,
sedges, bulrushes, silverling, tamarisk, hackberry, Chinese tallow tree,
wax myrtle, rattlebox, Russian thistle, dog fennel, giant ragweed,
goldenrod, loblolly pine and various clovers. Inside the dike, vege-
tative cover varies from none to dense. The southern half of the area
is covered with recently deposited dredged materials and is sparsely

vegetated. The northern portion is vegetated with grasses, Aster spp.,
Solidago spp., Russian thistle, baccharis, tamarisk, smooth cordgrass,
Juncus spp., and cattail. Wildlife utilization of the disposal area is
limited due to the general absence of suitable habitat. Wildlife
species most likely to occur in the area are marsh hawk, clapper rail, I S
killdeer, herons and egrets, sandpipers, plovers, various dickeys, marsh
rabbit, raccoon and rodents.
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2.12.8.5 Yellow House Creek. The Yellow House Creek
disposal area is located just north of Clouter Creek at about Mile 19
(Figure 5). As is the case with Clouter Creek, lands outside the diked
area are classed as Priority IV wetlands by the South Carolina Wildlife 0
and Marine Resources Department. Vegetation in this area is similar to
that found around the Clouter Creek disposal area. The area inside the
dike is mainly vegetated with cattails, black needle rush, smooth cord
grass, big cord grass, and widgeon grass. Wildlife utilizing the area
inside the dike include sandpipers, killdeer, plovers, shovelers, little
blue heron, great blue heron, Louisiana heron, snowy egret, common
egret, black-necked stilt, gulls, coots, scaup, marsh hawk, clapper
rail, raccoon, marsh rabbit, deer, mice, rats, and water snakes.

2.13 Economic development

2.13.1 Port of Charleston. The Port of Charleston is a
major port and is vital to the economies of the State of South Carolina
and the nation. Although the port primarily serves the State of South
Carolina, many of the exports passing through are produced by firms
located in North Carolina, Georgia, and Tennessee. In addition, many
imports are utilized by firms in these states as well. The primary area
in South Carolina (measured by value of products) utilizing the port is .
the Greenville-Spartanburg industrial area. Tables 20, 21, and 22 break
down the involvement of counties throughout the State of South Carolina
in important export trade through the port of Charleston. In 1972, the
port handled over 7.4 mill'on short tons of waterborne commerce, with
over 3.3 million being export tonnage. Oceangoing vessels transported -

96.3 percent (7,199,861 short tons) of the total commerce. The remaining -

3.7 percent (276,774 short tons) reflects the commerce moved by barge
traffic mainly over the Atlantic Intracoastal Waterway or between points
within the harbor. During the 15-year period 1958-1972, oceangoing
commerce increased at the compound rate of about 41 percent, while total o -
waterborne commerce increased at a compound rate of about 3-5/8 percent
per year. The growth in waterborne commerce through the port over the --

past several years reflects the rapid economic development of the South
Atlantic Region and the State of South Carolina. Imports and coastwise
receipts are greater than exports and coastwise shipments and this trend
is expected to continue. Major bulk imports are petroleum (residual
fuel oil), farm products, chemical products, and plywood and veneer.
Major receipts are petroleum and related products. The major exports
Consist of farm products, pulp and paper products, and textile products.

2.13.2 Economic indicators

2. !3.. 1 General. The standard indicators and others
found to he rtlated to the use of Charleston Harbor are keyed to
the State of SoLuth Carolina and U. S. Department of Commerce,
flurC1t Of Ktiiomir Analvs ,is (BEA) Econ~omic Areas Nos. 28, 29, 30,

4 -..



and 31. These economic areas have been delineated by the BEA and the
Economic Research Service (ERS), Department of Agriculture, who have
made national and area economic projections to 2020 for the Water Re-
sources Council. The projections dated September 1972 have been adopted S
as the current appraisal of the long-range national trends for planning
purposes. These projections are designated as "OBERS Projections".
Thirty-five of the forty-six South Carolina counties are included in BEA -. .-

Economic Areas 28, 29, 30, and 31, which are considered as representative
of the general cargo tributary area of the Port of Charleston. Various , .i _ -
combinations of these areas would be representative of the various S
following paragraphs are keyed to BEA Areas 28, 29, 30 and 31.

2.13.2.2 Population. The 1970 population of the State of
South Carolina was 2,590,516, an increase of 8.7 percent over its 1960
population and a decrease from the 12.5 percent increase registered - S
during the 1950-1960 decade. BEA Economic Areas 28, 29, 30, and 31,
with 1970 populations of 805,960, 610,800, 400,739, and 430,761, res-
pectively, registered changes over their 1960 populations of 10.3,
10.7, -1.3, and 16.9 percent, respectively. Almost all of the popula-
tion increase in the immediate project area can be attributed to the
growth of the North Charleston - Hannahan, St. Andrews, James Island,
and Mt. Pleasant areas. About 47.6 percent of the state's 1970 popula-
tion resided in urban areas as compared with only 41.2 percent of the

1960 population.

2.13.2.3 Income. The total personal income of residents

living in the State of South Carolina amounted to about $7,550 million
in 1970 and averaged $2,908 per capita, or about 74 percent of the
national average. This represents an increase of about 60 percent in
real per capita income over 1960 as compared with about 35 percent for
the nation as a whole. The per capita income of BEA Areas 28, 29, 30,
and 31 generally parallels that of the state as a whole.

2.13.2.4 Employment

2.13.2.4.1 General Employment. The average annual employment
in the state in 1970 totaled 1,036,800 with 5.0 percent of the labor
force unemployed. About 340,000 persons or about 32.8 percent were
employed in manufacturing activities, 66,200 or about 6.4 percent were - .
employed in agriculture, 148,800 or about 14.3 percent were employed in
government, 142,400 or 13.7 percent were employed in wholesale and
retail trade, and the remainder were either self-employed or in contract
construction, transportation, communication, utilities, finance, insur-
ance, real estate, unpaid family workers, or domestics.

2.13.2.4.2 Port related employment. According to a study con-
ducted by the University of South Carolina for the State Ports Authority,
the port complex directly employed 5,066 workers in 1972. Military and
civilian employment at Charleston Naval facilities was 29,979 in 1972 .-.

with a combined payroll of $309,842,521. In addition, a survey determined .. -
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thait apimirely 104,000 employers felt that the port was essential

or (' Ubst..int Lil I importance to their f irm' s operation.

.2iL.Industrial development. The types of industryJ
wihi;ti< Sta tfe of South Carolina are many and varied. Industry has

exane getl in recent years. Manufacturing accounted for about 33
w-ru; Llic th iployment in the state in 1970 and construction accounted

fi(r ablout f ive percent. The maijor industries are textiles, chemicals,
t;id 2L i d pr,;iuc>;s, non-e lect r ical1 mach inery, f ood and kindred produc ts,
eet"rical eqJuipmunt. and supplies, stone, clay, glass, and paper and
,I I [Ld p rod tc ts. Ais an indication of the industrial development in the

Lt i.,lite ica dded by manufacture" has increased by a factor of 2.5
inois,tiL dc liars during rhe period 1954 to 1967. This trend is

expec( ed to continie.

A Ar i ulItU re. Agriculture plays an important role in
tLit 1', Wt0.V 01 the' state. The value of crop production in 1969 was over

2 O ]i' 1 1 10]. Hwever, the number of farms has decreased from 86,000 in
i-ito 2,)in 197(1 and the land in farms has decreased from 10,000,000

icrc; ii 1 60 :o 8,300,00G0 acres in 1970. To partially offset this
..- ~ ti- reauIC iber of farms and total. acreage in farm lands, the
i : rav - Le .irii h1as increased from 116 acres in 1960) to 161 in 1970.

U.~i -STansportation facilities. An excellent network of
I~~~ r-toe .. , St:ue -ind local highways, railroads and airlines

ivqu connet. he population centers of the state with the port at
(?C1irLcs-tor a:;d with aill metropolitan and other centers in the nation. -

1h, a twoir! of pirimaIry hiighways and railroads provides the essential
in 1K-twt-eii the Port of Charleston and its inland customers. Inter-

sta 9.ute2;COnne'Cts the port with Columbia and the Piedmont Region,
id i th,. iost direct route for the greatest number of trucks. Other

major highways include U. S. Route 52 to Florence and points north, U. S.
R)ute N8 to Augusta- and Atlanta, and U. S. Highway 17 to coastal destina-

0i Pol~ two la Jor railroads, Southern and Seaboard Coast Line, offer
io'n, distance freight service to points in the Southeast and Midwest.
'Dic, Souit1 rn ol [crs serviceo to Columbia and Sp-rtanhurg, thence, on

Yout" Lo cither At lanta or Knoxville. The Seaboard Coast [.in(.
-i -omin int ly north-south route orientation.

Wa-terbornec triffic. During 1972, a total of l,13Li
J r c,,o !i p 796 tankcrs , ind 8,164 other craft having drafts greater

fIi iL-red Cliar lcston Harbor. Shipyard River has about 0.4
~p ra~ a ii [r da'and 0.55 small ship passage-s per day. If

o ~n ainiii 5 1972 art, ikeraged for a year, then on a typical day
carI e .rcrcwouild have 11 one way passages of large ships and 6i4

of malerships or tows. The large ships are confined

If ,!i p tcr:ihe Cooper T1i ver; the small1 shi ps use all the-
t I t '11 1 ilc iiarbor.

ca d i t lozi Ii vChr1. es ton has heen the base for
1 0k " li' '9ipyirrd 1);i, serviced these Small11 ships ais

L\types. In the oast two decades, Calso *-
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* has been developed as a base for nuclear-powered submarines and
has expanded the activity of both the Naval Shipyard and the Naval

'" Base. The current changes in the naval shore establishment together
with re-location of ships may further increase the role assigned

to Charleston. The minesweepers are small maneuverable ships and
* their movement would be analogous to those of small commercial
. vessels. It is estimated that submarine passage of the port

occurs no more than two times each week, which again is small
compared to 10 daily commercial large ship movements. The move-
ments of escorts and auxiliaries operating out of the Naval Base L
might average on the order of one or two movements per day. The
total movements of large naval ships through the harbor, therefore,
is estimated to be no more than two per day, or about 20% of the
commercial traffic.

2.16 Archaeological and historical elements. Charles- 0
ton is the site of one of the oldest permanent settlements in the
United States and has many areas and structures of great signif-

* icance in the history of the country which span the period between
the Revolutionary War and the post Civil War and Reconstruction period.
Prominent among these is Fort Sumter which was the site of the first -
battle of the Civil War when it was fired upon by South Carolina troops
from nearby Fort Johnson. Fort Sumter is a National Monument on a small
man-made island in Charleston Harbor. Another old fort and also a. . -

* National Monument is Fort Moultrie on the southwest end of Sullivans
Island near the mouth of Charleston Harbor. The original palmetto fort
was begun in 1776 and has been rebuilt several times. The grave of
General Francis Marion, a Revolutionary War hero, is located near 0
Pineville, just northwest of the project area. Boone Hall is an estate
of about 738 acres just north of Charleston that was named for Major

" John Boone, who received the land as a grant in 1681 from the Lords
Proprietors on behalf of the King of England. The mansion, gin-house,
and slave houses have been restored and depict some aspects of local
heritage and culture of the pre-Revolutionary era.

2.16.1 The latest editions of the National Register
of Historic Places lists 59 sites in Charleston County and ten

*. sites in Berkeley County. National Register Properties in
Berkeley County are privately owned and are outside the project
area. None of those located in Charleston County will be _

affected by the maintenance dredging of Charleston Harbor.

2.17 Recreation. With an average annual tempera-
ture of around 67 degrees, there are few days during the year when %
some form of outdoor recreation is not possible in the Charleston 1 *
area. The primary recreational activities in the area include
boating, both power and sail, and sport fishing. There are 25
small boat launching ramps, both fresh and salt water, and several
yacht clubs within 20 miles of the city which are located within -
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minutes of prime fishing areas. There are also two fishing piers within
12 miles of the old city and more than 20 others within a two-hour
drive. The beaches in the area are also excellent for surf fishing.
Two public oyster grounds are within 12 miles of Charleston and both -

clams and oysters may be harvested in season. Other fishing is avail--- 9
able on various deep sea fishing boats which offer daily trips to the
Gulf Stream on an individual or charter basis. These boats operate from
the Charleston Marina, the Fort Sumter Hotel dock and Shem Creek at
Mt. Pleasant.

2.17.1 For the freshwater fisherman, the Santee-Cooper 0 0
lakes and freshwaiter reaches of the Cooper River are less than one
hour's drive from the city and provide fishing for striped bass,
lircemoutih biss, crippie, bluegill, catfish, and other fresh water

..I>. !w, ,tate parks are located within an hour's 0 6
irit ,th,, .it;. livh.ins Ferry, on the Edisto River, has excell-
nt -. ,~.: :~. -.|i, i, *r,'as and Edisto Beach Park, on the Atlantic

.. ..... t'~ ,, t . picnicking areas and rental cottages.

S' i:,, R,main Wildlife Refuge offer the oppor-
' .. " . .. ...... f birds and animals in their natural

im ^ildtlife Service provides regular -
W,, . . . ,hrid landing which is about 15 miles from

(hit> ,,, . . is., is made of recreational opportunities
,,t, . :% ,, ional Forest.

i. .il plain is also noted for its wildlife
l ; '> . .... , r - ,'t ,o ibundance of game species. The

;,ri, il ' I- i . i. Ir,. iocated on U. S. Forest Service (Francis
,, t '. int. , t.ti... owned or managed lands. There are

S, , .. m, ; ,iv itIv-man.ived hunting areas where the public

1 4. (ther recreational opportunities available in P 0
St r i., i r'. e in 1ih seven golf courses, one of which is oper-
.te, ,. thc :it.- ,,I harleston, four public swimming pools operated.- -

b% tlie (itv ,t hirIrl cston and three ocean beaches.

i2.18 Future environmental setting without the project.
F'oprlition centurs are expected to expand to accommodate a growing 0

population ind new industries. This expansion will be achieved at
the expense of undeveloped lands. The acreage devoted to cropland
will continue to decrease as land of this type yields to the
pressures of urban development or is planted in trees. The popula-
tion in the project area in 1970 (OBE Economic Areas 28, 29, 30
dnd 31) was 2,248,300 or about 86.8 percent of the 2,590,516 1 0
population of the State of South Carolina. This represents a 9.3
percent increase in population over 1960 for the OBE Economic Areas
and an 8.7 percent increase for the entire state as compared with a
14.3 percent increase for the United States. The state and area
populations are both projected to increase at an average annual

. --°S
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rate of 1.3 percent over the next 60-year period. The labor force
for the three OBE areas was about 42 percent of their total popu-
lation in 1970, about the same as for the state. This ratio is
expected to continue through 2030, the same as projected for the S
state. The annual growth rate of personal per capita income for
the areas is expected to average 3.1 percent annually and increase
from about 74 percent to 91 percent of the United States average . ..

per capita income during the next 60-year period. Because of the
attractiveness of water-front developments, it is anticipated that . _
considerable development will take place on the Cooper, Wando, and 0
Ashley Rivers.

2.18.1 if maintenance dredging is discontinued, channels
would eventually shoal up. This would create a situation where
Naval facilities along the Cooper River would become inaccessible
and shipping into and out of the Port of Charleston would decrease, S
adversely affecting local and regional economies. Local and
regional growth and expansion would be greatly slowed and the
future of the area would be questionable.

3.0 Relationship of the Proposed Action to Land
Use Plans. The Berkeley-Charleston-Dorchester Regional Planning
Council prepared a preliminary development plan for the three-county

area to set forth major policies relating to desirable future develop-
ment. In its present form, it is too non-specific to permit a deter-

mination of its relationship to the continued maintenance of channels
in Charleston Harbor. There are no other land-use plans covering any
area that would be affected by the proposed project.

4.0 The Probable Impact of the Proposed Action on 0.. _
the Environment.

4.01 The major effects of this and future dredging relate

to effects on water quality and on the ecosystems within the harbor and
disposal areas. Water quality is affected mainly by localized short-
term increases in turbidity and sedimentation of adjacent water areas S
because of the bottom disturbance by the dredge cutterhead and the
suspended and dissolved material in the effluent from the disposal
areas. The effects on disposal ardas include the smothering of plant
and animal communities and the prevention of any substantial regrowth
or colonization as long as the area continues to be used as a disposal
area. .. Q .
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4.02 Water Ouality. An evaluation of data presented in
Section 2 of this EIS indicates that continued maintenance dredging in

Charleston Harbor will not create any long-term or large scale adverse
impacts or detrimental effects on the water quality of the Charleston

Harbor estuarine system.

4.02.1 It is characteristic of any hydraulic dredging
project that water turbidity in the vicinity of the dredge will

increase as a result of the mechanical action of the dredge cutter-
head. Observations of earlier maintenance dredging in the harbor

indicate there will be a temporary increase in turbidity in the area
of dredging and, although visible at the surface only in the immediate

vicinity of the cutterhead, the turbidity plume may extend several
hundred feet either upstream or downstream as determined by tidal

currents. Some increase in turbidities can also be expected adjacent

to disposal areas, although construction of dikes and weirs should

greatly reduce the jediment content of the effluent. The water
turbidity in the offshore disposal area will also increase. The

temporary and localized effects on resident biota of increased water

turbidity are not considered to be of a magnitude to affect long-
term productivity.

4.02.2 In addition to increasing turbidities, the distur-

bance of bottom sediments by the dredge may resuspend chemical sub-
stances, possibly increasing levels of nutrients, toxic substances,

and B.O.D. Such effects would be most noticeable in the immediate

vicinity of the dredge and would not extend any appreciable distance
beyond the source. The disturbance of these sediments will not have
any significant affect on the long-term productivity of the harbor

ecosystem because of the low natural productivity of these fine sedi-

ments.

4.03 Biological Impacts. The major concern asso-
ciated with dredging in Charleston Harbor relates to the effect

of the removal of bottom materials and their subsequent discharge

into open water or upland disposal areas on the existing ecosystem or

nan's use thereof. A discussion of the probable project effects on

e- isting flora and fauna is presented in the following paragraphs.

4.03.1 Plants. Each use of a disposal area will normally

reqult in the deposition of enough material to kill most vegetation

gr'-ing therein. Most of the currently used disposal areas in the
harbor are located on marshland that has been used enough that the
soil elevation has been raised well above the highwater line. Such

areas have been converted to uplands, and during the interval between -'. ..

their use as disposal areas, vegetative regrowth is characteristic _ _
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of areas above mean high water. Parts of other disposal areas have . ..
received so little use that they continue to support marsh vegetation. . -

The loss of upland vegetation is considered to be a relatively short-
' term impact since native plants will gradually revegetate the area
*[ after dredging is completed. However, the loss of marsh represents

a permanent loss since these marsh areas are converted to uplands.

In view of the premium now placed on marshes, it is considered un- 0

likely that any new disposal areas will be acquired by the project

- sponsor on marsh lands. Should the State of South Carolina acquire
additional marshland for the disposal of material dredged from
Charleston Harbor, this EIS will be revised accordingly and circu-
lated for public review. 0

4.03.2 Birds. Birds will not be adversely affected
-" to any extent by continued maintenance dredging. Species which

utilize the diked disposal areas will probably be temporarily
*." frightened away by construction noise and will temporarily stress . -

populations in other areas as they compete for available food and
- roosting space. On the positive side, many species have been ob- S

served congregating around active disposal areas to feed on organisms
in the dredged material.

* 4.03.3 Mammals. Although many species of mammals occur
in the general vicinity, the only marine species which is common in

* the harbor proper is the bottlenose dolphin and it will not be adversely
affected. A few small mammals inhabit vegetated areas in existing dis-

posal areas and will be displaced as these areas are filled with dredged .-

materials. Some mammals will also be displaced in upland areas selected
°* for disposal when existing disposal sites are filled to capacity.

4.03.4 Reptiles. Marine reptiles in the project area,
except for the diamondback terrapin, are mainly offshore forms which

. occasionally wander into lower Charleston Harbor or land forms which
generally are not associated with the harbor proper. The diamondback
terrapin is found in the vicinity of coastal marshes, tidal flats, or
in general, any sheltered unpolluted body of salt or brackish water "
where it forages on fish, crustaceans, mollusks, and insects. Due to
its habitat preferences, the terrapin will not be affected by the
project. Some reptiles may also be displaced in disposal areas although
numbers would be small.

" 4.03.5 Plankton. In 1972 the Belle W. Baruch Coastal
Research Institute, under contract to the Corps of Engineers, studied

. the effects of Charleston Harbor sludge on photosynthesis, standing
-. crop and growth of natural phytoplankton communities under laboratory

and field conditions (Reference 27). The study was divided into two

52

- -~~~~~~~~ 4P 1P W- 40 V~-~-.-.------- - - r - -



sections: (1) the effects of dredged material on phytoplankton and
(2) the effects of dredged material on certain invertebrate zooplank-
ton.

4.03.5.1 Phytoplankton studies. Both laboratory and field
studies were conducted for the phytoplankton studies.

4.03.5.1.1 Laboratory studies.

4.03.5.1.1.1 The first laboratory experiment was designed to 0
test the direct effects of suspended sludge on primary productivity.
Studies conducted with Charleston Harbor mud showed that as turbid-
ities increased, primary production decreased which suggests that pro-
duction in turbid waters is limited by low light intensities.

4.03.5.1.1.2 The second set of experiments was designed to S
determine whether toxic materials could leach out of resuspended
sludge and influence phytoplankton growth. The results showed that
the sludge extract enhanced the growth of Charleston Harbor phyto-
plankton.

4.03.5.1.2 Field studies. S

4.03.5.1.2.1 For these studies, primary production was measured
at three sites in Charleston Harbor during actual dredging operations.
The three stations sampled were located: (1) north of Goose Creek;
(2) south of Goose Creek; and (3) at the mouth of Shipyard River.
At site 1 (salinity 00/oo), primary production was greatest mile -
upstream from the dredge, decreased at the dredge, and reached its
lowest value 250 yards below and then increased mile downstream.
The results at site 2 were similar to those at site 1. At site 3, - -

however, the highest production values and chlorophyll concentrations

were found at the dredge site while stations above and below the
dredge were not significantly different. S

4.03.5.1.2.2 The researchers concluded that: "From the data
it appears that the effect of dredging on the primary production
of phytoplankton is initially inhibitory due to increased turbidity.
Recovery, however, takes place downstream."

4.03.5.2 Zooplankton. Studies on the effects of dredging on
the survival and physiology of zooplankton were divided into two phases.

4.03.5.2.1 In Phase I, sediment samples from different areas
of Charleston Harbor were mixed with sea water; the particulate matter

was allowed to settle to the bottom; and the supernatant was diluted _
to obtain 10, 25, and 50% concentration. The results of this study
showed that the effects of the lower concentrations (10 and 25%) were
minimal, but at the higher concentration, survival, metabolism, and

behavior were all modified markedly. However, the only place a 50% - -
concentration could possibly be encountered is in a disposal area.
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4.03.5.2.2 Phase II was conducted during an actual dredging
operation. For these experiments, water was collected from three
regions in the harbor and at each region, water samples were taken
at three sites: in the immediate vicinity of the dredge, 200 yards
downstream, and from the disposal area. The results of these exper-
iments showed that water from the disposal area was most toxic,
followed by the water 200 yards downstream and finally by water from
the dredge site.

4.03.5.3 From the above data, it would appear that although
phytoplankton and zooplankton populations may be reduced somewhat
during actual dredging operations, the area affected is comparatively
small and dissipates rapidly with distance from the dredging operation.
As a result, continued maintenance dredging is not expected to have
any significant long-term effect on plankton populations.

4.03.6 Invertebrates.

4.03.6.1 Channels. As discussed in Section 1.0, dredging
in the entrance channel will be accomplished by hopper dredge and
that in the rest of the harbor will be accomplished by hydraulic
pipeline dredge. In most dredging projects, benthic invertebrates
in the path of the dredge cutterhead will be destroyed. This gross
effect has been well documented in many studies and field investigations
conducted along both the Atlantic and Gulf coasts (Reference 28, 29,
and 30) and can be expected to occur to some extent during the proposed

dredging. Many impact assessments have assumed that this destruction
eliminates the relatively immobile members of the benthic invertebrate

community in the dredged area for an extended period of time. However, --

recent research indicates that this may not be a valid assumption. For
example, in a 1973 study of Altamaha Sound, Georgia, researchers at the
Skidaway Institute of Oceanography (Reference 2) found that "...while
the number of species, and especially the number of individuals per
unit area were greatly reduced following dredging, several species 7,
were still present in some quantity. Recovery of the population to
levels approaching those of the control stations appeared to be rapid.
While this study suffers from lack of replication of sampling methods,
it does provide an indication that the benthic community is able to
quickly recover following dredging, and remains as a viable community

both during and immediately after dredging operations are undertaken."
The Skidaway Institute researchers hypothesized that rapid repopulation
of benthic fauna in dredged areas may be due to: (1) suspension of
many organisms in the water column with the turbulence created by the . .

passing of the dredge, and subsequent resettling of some suspended
organisms upon the dredged area, and (2) erosion or slumping of steep
slopes of recently dredged channels, carrying benthic organisms into

the channel in the process.

4.03.6.1.1 Evidence of rapid repopulation of dredged areas
in the Charleston Harbor estuary was found during recent trawling by

r the South Carolina Wildlife and Marine Resources Department (MRD).
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During their January 1974 trawl sampling at a station off the Columbus
Street terminal, the trawl net retained several chunks of bottom sedi-
ments from an area reportedly "pre-maintenance" dredged (to a depth
greater than -40 feet) less than one month prior to the sampling date.
These benthic samples contained an abundance and diversity of worms
(mostly polychaetes), mud crabs, and bivalve mollusks comparable to .
that of numerous preserved samples from various undredged areas later
examined at MRD headquarters (Reference 2).

4.03.6.1.2 Although the above study indicates that some
invertebrates occur in the deeper channalized areas of the harbor, the
major concentrations are found in the shallower portions of the estuary
in areas which are not affected to any significant degree by mainte-
nance dredging.

4.03.6.2 Ocean disposal site. The proposed plan includes
the use of an existing offshore dumping area for disposal of sediment
removed from the entrance channel. Since Fiscal Year 19b3, some
367,460 to 1,410,000 cubic yards of material have been dumped in this
offshore area annually with little evidence that any buildup is
occurring. To evaluate the impacts of this type of disposal, the Corps
of Engineers, as part of the estuarine values study, contracted with the
South Carolina Wildlife and Marine Resources Department to study the - -

biological condition of the present offshore disposal area and to
determine probable effects of continued use (Reference 12). As
discussed in Section 2.0, these studies indicated that there was
little diversity in benthic fauna in this offshore disposal area
and very small numbers of individuals as compared to inshore typi-
cally estuarine areas. They concluded, however, that this was a
normal community for this type of bottom and that the direct effect
of dumping on benthic fauna appeared to be limited.

1.03.6.2.1 In addition, they found that: "This large area

iics been utilized for at least six years as a disposal site with no
evidence of silt buildup or adverse ecological effects." They also
statLed that: "However, the possibility exists that the buildup of
md 'Jiposits on the bottom could result in the enhancement of adjacent
at, , bv creating habitat for valuable species such as Penaeid shrimp.
lhi i;i turn, would generate potential for increased or, at least,
m,,rt productive commercial fisheries. It is felt that the existing
hPv,,r dredge disposal area is the best suited location available
.cithin reasonable distance of Charleston Harbor for the deposition .
d t t,.a-toxic materials. Disposal in this area has resulted in no
,i if irant conflicts with commercial or recreational fishing inter-
o-.ts, as would probably be the case if the site were located farther

ri s,,,re or offshore."

*"',.6. 2.2 Based on data presented above, it is expected . -
ftlat th,, impact on benthic organisms in navigation channels and in
tte oftshore disposal area will be short-term as organisms destroyed .........
will b e replaced by recruitment from adjacent areas. Also, many -

mollri. ks inhabiting the benthic environs of the offshore disposal
area will likely work their way to the surface after shallow burial
and this will be little affected by dumping operations.
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4.03.6.3 Mosquitoes. The use of diked disposal areas to
avoid adverse effects on estuarine values has an adverse effect in
that diking in the coastal zone creates ideal habitat for mosquitoes,
particularly the salt marsh mosquito, Aedes sollicitans. Characteristics
of diked disposal areas that make such areas productive of mosquitoes are ,
the elimination of regular tidal flooding and the temporary ponding of
water due to uneven settling of dredged material and poor drainage. The
cracks that normally form during the drying of disposal areas provide
very favorable oviposition sites. Natural controls such as the main-
tenance of stable water levels or the achievement of rapid drainage
would greatly limit the production of mosquitoes in disposal areas,
but neither method appears practical because of physical characteris-
tics of the disposal areas and material dredged from the waterway and
also because of operation requirements of disposal areas. Although
the Corps of Engineers is funding research on mosquito production in
disposal areas, mosquito control measures were not provided for in the
Acts of Congress authorizing the construction and maintenance of the S
Charleston Harbor Navigation Project. Mosquito control operations at
disposal areas are a non-Federal responsibility and are generally con-
ducted by local government as part of their overall mosquito abatement
program. The most commonly used insecticide is Flit M.L.0 , an oil
larvicide which dissipates quickly and has no effect on important forms
of aquatic life. Since Flit has no residual effect, a control program - S
utilizing oil larvicides requires frequent inspection and respraying.

4.03.7 Fish. As stated in SecLion 2 of this statement,
the Charleston Harbor estuarine system supports a diverse array of
fishes. Although many of these species are occasionally found in
the deeper portions of the estuary, the majority are usually associ- S
ated with salt marshes and shallow water areas which will not be

significantly affected by the proposed project.

4.03.7.01 Available data indicate that fish populations,
unlike benthic invertebrates which are relatively immobile and may
undergo population reductions that may be locally severe, are less S
likely to be adversely affected by dredging operations. For example,
Stickney (Reference 31) in his study of the Atlantic Intracoastal
Waterway in Georgia found no indication of fishes being killed during .--. ".
dredging operations. In some areas, dredging could even be considered
to be beneficial to certain species of fish, especially those which
prey on the larger benthic organisms. As a dredge works its way along S
a channel, benthic animals which would normally be buried in the sedi-
ments are dislodged and become susceptible to predation. This sudden
availability of food quite often results in higher than normal con-
centrations of fishes near the dredge. Ocean disposal could create
a similar situation.

4.03.7.02 Although it would appear that motile organisms
are affected to an insignificant degree by dredging, there has been
some concern in the last few years over the possible effects of
increased turbidities and siltation associated with dredging. As
the dredge cutterhead revolves, it creates some type of turbidity
plume, the size of which will vary considerably depending on the type S
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of sediments being dredged, strength of currents and other factors.

The magnitude of the impact of suspended particles on fishes will,

in most cases, be dependent on the concentration, composition, sorbed

minerals or toxins, and the tolerance of a particular species.

4.03.7.03 Sherk (Reference 29) found that, in general, bottom-

dwelling species were the most tolerant of suspended solids, filter
feeders were most sensitive, and that juvenile forms were more sensitive

than adults. Goodwyn, in Chesapeake Biological Laboratory (Reference

28), summarized seasonal and geographical variations in population

density and species composition of zooplankton, but apparently none of

the variation could be attributed to environmental modification. No

indications of mortality attributable to the dredging and disposal
operation with respect to fish eggs and larvae in the project area were
obtained, although Dovel (in the same report) found larval and juvenile

stages of freshwater, estuarine, and marine spawners in that area from

April through August. He thought that this was the most critical period

for these developmental stages, i.e., when they would be most vulnerable

to dredging and disposal. Also, since he found that postlarval and
young fishes were present in deeper areas from November through January,

he advised that channel alterations should be avoided during that period.

4.03.7.04 Sherk and Cronin (Reference 32) found that under

experimental conditions, fish subjected to extremely high concentrations - "
of suspended solids have died from suffocation due to clogging of the

gills and opercular cavities. However, under normal circumstances, fish

avoid turbid waters and have the ability to clear gill membranes of

accumulated silt upon entering undisturbed water. However, as pointed

out previously, not all species are equally susceptible to suspended

solids and different suspensoids vary in their effect.

4.03.7.05 Sherk (Reference 2) in a more recent study found

that, in general, the larval, juvenile, and young-of-the-year forms of

marine and estuarine species were much more sensitive to oxygen starva-

tion (anoxia) by sediment contamination than their adult counterparts.
This is probably due to a combination of the larger size of the gill 0 -

filaments of adult fish (trapping fewer particles) and the higher

metabolic rates (rapid breathing requirements) of the younger fish. As

might be expected, demersal (bottom-oriented) species such as the
Sciaenids and hogchoker seem to be more tolerant of such conditions than

such periodical inhabitants of mid and upper levels of the water column
as herrings, and silversides. Wide-ranging feeders such as the striped
bass seem to be in about the middle of the sensitivity range.

4.03.7.06 A lack of oxygen (anoxia) brought about in one of

three ways seems to be the cause of death in estuarine fish exposed to

high concentrations of suspended sediments similar to those encountered
during dredging. Fine particles (smaller than 4 microns in diameter)

have been found to coat the gills of fish and prevent oxygen exchange.

Slightly larger particles (up to 15 microns) block the lamellae (func-

tional portion) of fish gills, also inhibiting oxygen exchange. Finally,

the delicate secondary lamellae can be directly damaged by suspended

particles and thereby rendered inoperative to varying degrees.
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4.03.7.07 In addition to death by anoxia, a number of sub-
lethal effects, including changes in blood chemistry, gill structure,
and pH of the digestive tract have been identified as occurring at
significantly lower levels of suspended particle contamination than
those required to produce death. Other estuarine organisms, parti-
cularly shellfish and zooplankton have exhibited physiological re-
actions during laboratory exposure to suspended sediment concen- . -

trations comparable to those typically associated with dredging
operations.

4.03.7.08 Goodwyn, in Chesapeake Biological Laboratory
(Reference 28), summarized seasonal and geographical variations in ..

population density and species composition of zooplankton, but appar-
ently none of the variation could be attributed to environmental modi-
fication. No indications of mortality attributable to the dredging
and disposal operation with respect to fish eggs and larvae in the
project area were obtained, although Dovel (in the same report) found
larval and juvenile stages of freshwater, estuarine, and marine spawners
in that area from April through August. He thought that this was the
most critical period for these developmental stages, i.e., when they
would be most vulnerable to dredging and disposal of dredged materials.

Also, since he found that post-larval and young fishes were present
in deeper areas from November through January, he advised that channel
alterations should be avoided during that period.

4.03.7.09 As general rule, it has been found that fish can
tolerate high turbidities except when they are accompanied by low
levels of dissolved oxygen, acids, alkalies, or other substances which
may interfere with respiration, injure gills or prevent their normal
function, and, although Stickney found they generally did not leave
the immediate dredging area, they are quite capable of doing so.

4.03.7.10 Turbidity plumes created by maintenance dredging
are primarily restricted to the channel area with some adjacent . .

shading depending on wind and tidal velocities. As mentioned pre-
viously, fish species which have the highest probability of being
affected are the filter feeders (principally menhaden, herring and
shad) and juvenile forms. Estimates of the relative abundance of
these species in the channel area at any given time varies so that
it is not practical to attempt a precise determination of impact on
these species. Based on (1) research which has been accomplished
in other areas and (2) available information on the effects of current
maintenance dredging practices in the harbor, it is felt that the

impacts resulting from continued maintenance dredging will be of a
short-term, localized nature and will not significantly affect the
fish stocks in the Charleston estuarine system.

4.03.7.11 Larval fish. The National Marine Fisheries Ser-
vice, under contract to the U. S. Army, Corps of Engineers, studied
the effects of dredged haibor sediments on larval estuarine fish
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common to Charleston Harbor as part of the estuarine values study
(Reference 33). Their final report was submitted to the Corps in
April, 1973 and is summarized in the following paragraphs.

4.03.7.11.1 For this study, the NMFS exposed the larvae of •
five species of estuarine fish (Atlantic menhaden, pinfish, flounder,
spot, and Atlantic croaker) to seawater-sediment extracts for periods
of up to 14 days. Sediments for the study were collected by the
Corps of Engineers at pertinent stations in the harbor. In the
NMFS laboratory, the sediments were added to filtered seawater,
shaken for two hours, and allowed to settle. The supernatant was
then diluted for testing at seven concentrations ranging from 0 to
100%.

1.03.7.11.2 The general conclusions reached by NMFS are as
follows: "Despite the shortcomings imposed by limited time and
money, certain general conclusions can be drawn from this research.
Though we have not determined the toxicant (or toxicants) present
in the extract, it is obvious that the materials are soluble in
seawater and that the leaching of these unknown compounds into
the water column may be detrimental to larval fish populations under
certain conditions. This was demonstrated in the bioassay tests
where survival oi larval fish was quite low or zero at certain high •
concentrations of sediment extract. Indications are that survival
of larval fish will be different for different species. We also
found a relative difference in toxicity of the sediments depending
on where the sample came from in Charleston Harbor. Of the samples
we tested, those from Station 5, Shipyard River, and Station 8 were
the most acutely toxic.

In addition to the acute response (mortality) our results also indi-
cate that sublethal mechanisms are acting to cause physiological
changes in the larval fish. This change is observed as a reduction
in the growth rate of the larval fish at certain concentrations of • " .

the sediment extract. This lack of growth would suggest an overall •
weakening of the fish which in turn could affect the fishes' chance
for survival.

Our behavioral test did not provide enough data to draw any conclusions.
We feel, however, that our test of behavioral responses to sediment
extract indicated that menhaden and flounder may be affected behav-
iorally (which could lead to more substantial ecological effects) and
these organisms should be tested further using this criteria."

4.03.7.11.3 The above study presents evidence that larval forms " "
of certain fish species may be adversely affected by Charleston Harbor
maintenance dredging and that some mortality will no doubt occur.
However, since these laboratory data are not directly applicable to
field situations, the impacts cannot be quantitatively evaluated.
Some larval fish will be destroyed either as a result of (1) the
mechanical action of the dredge, (2) being exposed to turbid water,
or (3) being exposed to toxic substances in sediments. However, as
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j stated previously, any impacts will be temporary and will be limited 41
to the immediate vicinity of the dredge or disposal areas and will
not significantly affect fish stocks in the Charleston Harbor estu-
arine system.

4.03.7.12 Commercial fisheries. As discussed in Section 2,
the principal species marketed in Charleston are shrimp, blue crabs, 0
oysters, clams, alewives, American eels, flounder, whiting, black sea
bass, and spot. A majority of fhese species are captured in offshore
fisheries which will not be affected by the proposed project. Oysters
and clams are found in shallower areas of the harbor and will not be
affected by the project. The clams and oysters marketed in Charleston .. i come from other areas along the coast. Shrimp and blue crabs are found
throughout the estuary and there is a possibility that some may be
killed if they come in contact with the dredge cutterhead. However, the

impact will be temporary and will not significantly affect recruitment
to the inshore or offshore fisheries.

4.03.7. 12.1 Many of the commercial fish species spend a portion S
of their life cycle in the estuary and could be adversely affected by
turbidities or could be picked up by the cutterhead. As discussed in
Section 4.03.7, the impact on fish is expected to be temporary and
insignificant.

4.03.8 Rare and endangered species. A list of endangered, •
threatened, peripheral and status undetermined species is found in Sec-
tion 2.12.2.4. To the extent that upland 'disposal sites are used in lieu
of marshlands, those species using uplands near rivers and coastal bays

' could experience some loss of habitat. There is no reason to believe that
the other species listed would be affected by continued maintenance of pro-
ject channels. The cooperative interagency efforts described in Section
1.04.1 should prevent excessive loss of this habitat where crucial to rare
and endangered species.

4.04 Archaeological and historical sites. Maintenance
of the Charleston Harbor project channel would have no impact on
archeological or historical resources. Charleston Harbor required .
significant dredging only after the completion of the Santee-Cooper
Project in 1942 by the State of South Carolina. Since most of the
material to be dredged from the haror is sediment deposited since 1942,
there is little likelihood of disturbing anything of historical value.
Any archaeological resources which might have been present were probably
removed during excavation for the 35-foot project. The National Register 0
of Historic Places has been consulted and no Register properties will be
affected by the proposed project. The project will not result in the
transfer, sale, demolition, or substantial alteration of potential
National Register properties. Cooperative efforts toward site disposal
selection as described in Section 1.04.1 should prevent sites of archaeo-
logical or historical givnifircnce from being used as future disposal areas. A-_

4.05 Aestnetics. Prior to the actual dredging, it is
usually necessary to raise the dikes enclosing the disposal areas by
using material from within the diked disposal area. These dikes
will then consist mainly of barren earth which will contrast in an
unfavorable manner with surrounding areas that are fully vegetated. ' .
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A barren appearance within the disposal area will also prevail for
some time otter dredging. Natural vegetative regrowth on the dikes
and within the disiposal area wLi conmmence soon after dredging is

completed aareailyfl vegetative cover of grasses and
herbs mav he achieved within a few months. The attainment of a full 0
vegetative cover will presenit a more natural appearance to the
(liked dispoiai areas, and will restore to some extent the aesthetic
val ues t hit wcrc Inst dlur ing the dredging operation. The presence........
of the dredge boat and pipelines and associated equipment in theL hochor 'W"11 reJprLseiit an intrusion upon the view of the harbor
during the period of dredging. This impact would exist only during0
dredging -irid is cons;idered of lec~scir magnitude than the aiesthetic
impaCt associated with the disposal of dredged material in diked

disposal areas.

4.0f) Air quality. There will be a very minor increase
in air :nollution as a result of operation of the dredge; however, thle
t_, c, ts wi! h e temporary as well as insignificant and probably not
neasurjihie it existing air quality stations.

4.07 Noise. In view of the large expanse of open
water, noise levels from dredge operations during the construction
perio--d will not be raised objectionably above present levels.

4.08 Outdoor Recreation. The continued maintenance
a) the prolet chiannels in the Charleston Harbor area will not signi-
ficantlv affect thie continued use of the area for waterborne
recreation. 1he dredging operation creates a navigational obstruc-
tion)1 (dritdgo, n ipeline, work boats, etc.) which recreational boaters -*

aInd ot hcr v'.n-;I(-1- hove to avoid. in addition, thle dredging opera-
t ion inax' line in indirect effect on the recreational harvesting of
fi sh intheI(,i vi la ity of d isposal areas.

t-li :.isin g proiects. Thle effects of continued main-......

tenance- of thc Charles;ton Harbor Project on other Federal projects
and tit he~r i % proe ots var- f rem a lack of any Signi ficant effect
to somv . urm enhNrement, Mherv will be no direct relat ionship
h~ twen tiie pr )posud prujec t andI the Atlantic Intra( oastal Waterway
since- thi, rImn-sion of the- l itter ija considerably less than that of
ti ti:. ' u M1i !ntc~i of the harbor has no patential
o f ifl T1LI a-I t in rl v)i 1- iCC t I tier igeric ies exc pt 1, ir t ha t aspec t

S5 SII :t Wi t", th 1 1 dre'dge(.d molteLl i.1 I . in this, regard,
ior It ii. lifl to the laue of suc(h areus for dis--

pI i d Ui ged mi ten2 ii I ' Exsipl e ofi such proc t s a rec Fort
:,it t<. r t:.1 t i i IL r tlhw 8 a innaI Pairk Se(rvice aind Hog Islaind

L2 ii. t. C 1) r pio (Id naval3 mu seuTm . The pirojec'rts of fect
cp f. (i ie ,.cr iI i ma si(i pro let.L, Charleston Harbor deep-

en1 Ir.J g ine l th C a &iiolin iState Ports Authority permit appli-
-it ion (lISQcl1L in t heto l lo.,;i i paraig r ap hs.



4.09.1 Cooper River rediversion project. Continued main-
tenance of navigation channels within Charleston Harbor will not affect
the construction of the Cooper River rediversion project discussed in
Section 2.03. However, since the purpose of the rediversion project
is to reduce the rate of shoaling in Charleston Harbor, the completion
of this project will have a significant affect on future maintenance
dredging. It is estimated that within 10 years after completion of
the rediversion project, shoaling rates will be decreased by about 70
percent thus reducing the requirements for disposal areas. The re-
diversion project is currently in the early stages of construction. '-'.

4.09.2 Charleston Harbor deepening project. The Charleston
Harbor deepening project as discussed in Section 2.03 will not be
affected by the continued maintenance of harbor channels. However,
the deepening project will increase the annual maintenance dredging
requirement by an average 1.7 million cubic yards annually and in-
crease the annual requirement for disposal areas by 49 acres. S

4.09.3 South Carolina State Ports Authority. The continued
maintenance of navigation channels will not affect the State Ports
Authority permit application (see Section 2.04) which is currently
being considered by the Corps of Engineers. If the permit is granted
and a commitment for construction is made, the Corps of Engineers will S
consider extending the Federal navigation channel up the Wando River to
serve the proposed terminal. If this extension is constructed, initial
construction would require the removal of about 3,400,000 cubic yards
of material and the annual maintenance would be about 500,000 to 600,000
cubic yards for the channel and 150,000 to 200,000 cubic yards for the
terminal. Disposal of these quantities would require about 200 to 250 0
acre feet of disposal area annually.

5.0 Any Probable Adverse Environmental Effects Which
Cannot Be Avoided.

A detailed discussion of all environmental impacts expected to result S
from the maintenance is contained in Section 4.0. Some of these impacts
are considered unfavorable, but cannot be avoided by any practical means
within the authority and scope of the work. Such impacts are summarized
in the following paragraphs.

5.01 The principal adverse effects will be related to 0
temporary changes in water quality and its effect on the harbor and
disposal areas ecosystems and the conversion of remaining marsh inside
disposal easements to a highland environment. Water quality changes
include increased turbidities and siltation in the vicinity of the
dredge and disposal areas; a temporary decrease in primary produc-
tivity resulting from turbid waters reducing the euphotic zone; a _--
possible loss of organisms through the leaching of toxic substances
from the upland disposal areas; and a possible reduction in dissolved
oxygen levels as a result of the dredge disturb4 g organic materials
undergoing anaerobic decomposition.
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5.02 In addition, some benthic organisms may be
destroyed by the dredge cutterhead and others may be covered in the
offshore disposal area. Wildlife species inhabiting disposal areas
will be displaced by deposition of dredged materials. As mentioned
above, existing vegetation in disposal areas will be killed and
regrowth prevented until the use of such areas ceases.

6.0 Alternatives to the Proposed Action

6.01 No action.

6.01.1 This alternative would involve the discontinuation "

of maintenance of the harbor and the eventual shoaling up of existing
channels. Naval facilities along the Cooper River would become in-
accessible to many vessels now using these facilities. These facilities
are now considered essential to the National Defense effort and if the
Charleston Harbor Project is abandoned, similar facilities must be
provided elsewhere. Commercial shipping would immediately become
curtailed and would in a few years be eliminated as channels shoal to
a depth precluding the passage of any seagoing tankers or cargo ships. - . -
Facilities and economic patterns that have developed, entirely or in
part, as a result of stimulus provided by the Charleston Harbor Pro-
ject would also be adversely affected if the project were to be sud-
denly abandoned. This alternative was rejected in order to avoid
a significant disruption of the local and statewide economy.

6.01.2 If the Corps of Engineers ceased to maintain the
harbor, the Navy would either have to move its facilities or dredge
the harbor itself. Dredging by the Navy would increase Federal cost
and commercial vessels would still be able to use the port. The
closing of Charleston Harbor as an alternative solution to the Cooper
River Rediversion Project was only considered briefly as detrimental
effects on Charleston and the State of South Carolina were obvious with-
out detail study. South Carolina currently ranks 47th among the states
in per capita income with an average of $2,938 or 75% of the national
average of $3,920. Charleston County is approximately the same as the
state average with $2,953. The closing of Charleston Harbor would,
without a doubt, lower the Charleston County figure. The closing of
the harbor would have a direct monetary effect on the City of Charleston
as every ton of cargo that moves through the harbor brings a specific
number of dollars to Charleston. In 1968, the U. S. Maritime Admin-
istration published data on the benefits accruing to the economy from
port activity. The Maritime Administration's estimate for 1968 shows
a "direct benefit" to the community of approximately $18 for each ton
of general cargo passing over port facilities. Approximately $10.80
of this amount was attributed to labor cost. Other components included
rail and motor freight, $2.16; supplies, $1.80; auxiliary services,
$1.44; port and terminal expenditures, $1.08; vessel crew expenditures,
$0.36; bunkers, $0.18; and miscellaneous vessel disbursements, $0.18.
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The Maritime Administration economic benefit figures are: for bulk cargo
and tanker cargo, $4.38; grain $7.06; ore, $3.51, and all others, $1.34.
Based on the 1971 tonnage, the monetary loss to Charleston would be
$47,000,000. In addition to these direct benefits, there would be an
increase in transportation cost to the shippers of the port. Although 0
transportation cost savings are not always the determining factor in the
selection of a particular port, it is usually an important one. Trans-
portation costs vary greatly with the type of commerce and any estimate
without detailed analysis would be tenuous in nature. Assuming a con- ..

servative figure of $2.00 a ton, the closing of the port would increase
the transportation cost to shippers approximately $13,000,000 per year. 0
Certain industries are also heavily dependent on the port for raw materials

imported and the exporting of finished goods. The prime consideration of
the location of these businesses in Charleston was their nearness to the
port. All of the impact of these businesses can be attributed to the port.
The two major industries considered to be port dependent are chemicals _.
(including fertilizer) and pulp and paper. The impact revenue of these
industries approaches $100,000,000.

6.01.3 The closure of the commercial harbor as previously

discussed would require the closure of the Naval Base as well. The
effect the closure of the Charleston Naval Base would have on the metro-
politan economy is virtually incalculable. Some 29,979 civilian and t S
military personnel make up an annual payroll of $309,842,521 at the base.
It is estimated that approximately 8,500 of the military personnel are
married and put $59,000,000 in the local economy annually. The Navy
also spends $24,000,000 annually on non-standard items and utility con-
tracts of which approximately 75 percent of that sum is spent in
Charleston, Berkeley, and Dorchester Counties. It has been roughly S
estimated that the Naval Base accounts for nearly 20 percent of the total
economy of the area. The intangible national defense benefits have not
been evaluated; however, it should be noted the only Polaris submarine
base on the Atlantic seaboard is located at Charleston Naval Base.

6.01.4 The South Carolina State Ports Authority currently t. S ___

has about $40,000 invested in port facilities on Charleston Harbor.
They are also expecting to invest another $56,000,000 for facilities on
the Wando River. Only a small portion of this investment could be
salvaged if the port was closed.

6.02 Dredging alternatives. Studies of existing main- 1 S
tenance dredging operations were conducted in response to Congressional
directives to develop a practical long-range solution to the disposal
of material dredged from Charleston Harbor with particular reference

to estuarine values. Ten plans were evaluated and these are dis-
cussed in the following paragraphs. More detailed information on
these dredging alternatives is contained in the Report on Long- t. S
Range Disposal Study, Charleston Harbor, South Carolina, which is
available for review in the Charleston District Office. Since that
part of the dredging operation that is concerned only with the removal
of the shoal deposits is similar under all plans in that it involves
the use of a cutterhead and pipeline, the environmental impacts asso- . -

ciated with this part of the overall operation will not be repeated
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here. The means and methods of disposal vary and these will be dis-
cussed in greater detail. After existing diked areas are filled, no
additional marshland will be used for disposal sites in Charleston
Harbor. Costs for Plan b were calculated assuming some marsh would
be used. Estimates for this plan should be revised upward to in-
clude the cost increase due to avoiding fill of all marshland.

Plan I. Continuation of the presently used method which involves
the removal of shoal material by pipeline dredge and permanent dis-
posal in diked areas adjacent to the harbor. This is not considered
a viable long-term solution because existing areas are not expected
to last long enough even with the expeditious construction of the
Cooper River Rediversion project. Other highland areas are not
available for this purpose. Because of the importance of marsh
habitat in the maintenance of estuarine and marine resources, further
use of marsh ar~as for the disposal of dredged material is considered
impractical. The estimated annual cost of this plan is $3,650,000. -

Plan 2. Dredging and conveyance of shoal material to an off-
shorv dispos .1 area by hopper dredge. The use of hopper dredges
throiwghout the Charleston Harbor project area is impractical because
of the dock areas, restricted channel widths in the upper project
area, and the sharp turns in the Navy channels. The estimated annual p
'ost of this plan is excessive when compared with other plans, being
>16,864,000. The environmental impacts of this plan on the offshore
dumping area would be similar to the impacts of the present offshore
Jumping operation which is discussed in Sections 2 and 4. The use of
hopper dredges in the outer part of Charleston Harbor and the dumping
area has not been found to have any significant adverse effect on the *
dumping area. The use of hopper dredges throughout the harbor pro-
ject would require that a much greater volume of material be dumped
in the ocean. Based on observations of the present operation, it is
not believed that the greater volume of material would result in
significant adverse effects on ocean bottoms. The material in the
upper areas of the harbor is at least as fine or finer than the
material now dredged from the outer reaches of the harbor and most
of this material would be quickly dispersed as appears to be the
case with present offshore disposal operations.

Plan 3. Removal of shoal material by pipeline dredge and the
transfer of this material. to the Daniels Island disposal area, which
would function as a temporary disposal area until the material could
be transported to an offshore disposal area by pipeline. The initial . ...

dredging would be accomplished by privately-owned dredges under contract
and the later transfer of the shoal material to sea would be accom-
plished by a government-owned and operated unit consisting of a long
pipeline into the ocean with electric booster stations as required •
to cope with the long distances involved. The estimated annual cost
of this plan is $4,814,000. The impact on the ocean dumping ground
would be similar to that of Plan 2 but a greater accumulation of
material might result under this plan since the dumping operation

* . S 6 5 5 ".- 0-. 2".-

".. ". " . "•. •
".........-...



of the hopper dredge results in the greatest possible dispersion and
resuspension of shoal material. Greater accumulations of shoal
material would not be significant because this area now consists of
fine to coarse sand and shell and its natural productivity is rela- -
tively low. There would be no significant environmental impacts
resulting from the use of an existing disposal area on Daniels Island
as a temporary disposal area. The pipeline and booster stations will
be routed through open water areas and would not have significant
impact on water bottoms.

Plan 3A. This plan is identical to Plan 3 except that diesel 9
powered booster units would be used instead of electric power units.
The estimated annual cost of this plan is $4,879,000. Its environ-
mental impacts would be similar to those of Plan 3.

Plan 4. Removal of shoal material by pipeline dredge and the
transfer of this material to the Daniels Island disposal area and •
Area I just above Goose Creek, which areas would function as tem-
porary disposal areas until the material could be transported to
an offshore disposal area by pipeline. This plan is identical to
Plan 3 except that approximately 20 percent of the shoal material
would be initially pumped into Area I instead of entirely into the
Daniels Island disposal area. This plan was developed in an effort . S
to reduce costs by using a temporary area closer to the shoals in
the upper part of the harbor project. The estimated annual cost
of this plan is $4,759,000. Its environmental impacts would also
be similar to that of Plan 3.

Plan 4A. This plan is identical to Plan 4 except that diesel -..
powered booster units would be used instead of electric power units.
The estimated annual cost of this plan is $4,821,000. Its environ-
mental impacts would be similar to those of Plan 4.

Plan 5. Removal of shoal material by pipeline dredge and the
transfer of this material to the Daniels Island disposal area, which ,
would function as a temporary disposal area until the material could
be transported to an offshore disposal area by barge. The estimated
annual cost of this plan is $5,325,000. The environmental impacts
of this plan most closely resemble those of Plan 2 in that under both
plans, all of the dredged material is transported to the offshore
disposal area where it would be discharged at the waters surface. S

Plan 6. Removal of shoal material by pipeline dredge and the
transfer of this material to the Daniels Island disposal area and
Area I just above Goose Creek, which areas would function as tem-
porary disposal areas until the material could be transported to
remote inland disposal areas by pipeline. This plan is similar to A 9 -
Plan 4 except that the material would be transported to diked inland
disposal areas instead of to the offshore disposal area. The tenta- . . -
tive location of inland disposal areas is along the Wando River. Most
of these areas would be highland but some higher marshland would be
included. Major tidal creeks would be avoided. This represents a
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compromise between econonics (land costs) and marsh preservation.
The estimated annual cost of this plan is $4,247,000. Complete avoid-
ance of all marshland would increase the costs of this plan. All
vegetation in these disposal areas would be killed and those areas
would lose what value they may have as wildlife habitat. Each area
may be used for some years so that this loss represents a fairly long-
term commitment. When filled to capacity, these areas will be re-
vegetated and eventually tree growth characteristic of upland habitat
will become established. In the upland areas, this tree growth may be -"-

similar to the natural growth present before their use as disposal
areas. The use of high marsh areas will result in their permanent .
conversion to upland tree habitat after they have been used to capa- . -

city. The loss of this high marsh represents a loss of some of the
least productive of estuarine areas. The upland habitat that
would be taken out of productivity for a relatively long time is a
common habitat type throughout the area.

Plan 7. This plan is similar to Plan 6 except that the dredged
material would be transported to the remote inland disposal areas by
truck instead of by pipeline. The estimated annual cost of this
plan is $10,672,000, which is considered excessive in comparison with
other plans. The environmental impacts would also be similar to r
those of Plan 6.

Plan 8. Removal of shoal material by a special dredge designed
to utilize barges and the use of these barges to convey the material
directly to the offshore disposal area. This plan is similar to
Plan 2 except that the dredged material would be transported to the
offshore disposal site by barge instead of by hopper dredge. The
estimated annual cost of this plan is $2,710,000. The environmental -

impacts would also be similar to those of Plan 2.

7.0 The Relationship Between Local Short-Term Uses
of Man's Environment and the Maintenance and Enhancement of Long-
Term Productivity

7.01 The principal long-term effect of the project.
relates to its continued stimulus of the local and regional economy.
The continued maintenance of the harbor would permit the use of the
harbor by vessels which would otherwise have to use other ports
to the detriment of Charleston and the state of South Carolina.

7.02 The principal short-term effects of the project
relate to the actual dredging of Charleston Harbor by hydraulic dredge
and the disposal of the material in remote disposal areas. Since the
first feature represents the removal of recently deposited and uncon-
solidated fine sediments having little utility to any important life .
forms, the actual dredging would not conflict with long-term uses.
The action of the cutterhead dredge would have temporary and localized .-'-.
effects on water quality which are not considered to be of a magnitude - '
to affect long-term productivity. If inland disposal areas are used, -'.

the effluent from such areas would also have a temporary and localized
effect on water quality.
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7.03 The disposal of the material dredged from the
harbor has some potential for long-term consequences depending on
the means and methods taken for its final disposal. Two methods have
been considered. The one having offshore disposal of all dredged 0
material has little potential for affecting any long-term uses. The
other method which involves the disposal of dredged material in remote
inland sites will result in long-term losses of natural areas and the
utility these areas may have for wildlife. These areas have not been
definitely selected, but would not include any areas that are unique
or have outstanding value in any particular resource.

8.0 Any Irreversible and Irretrievable Commitments
* of Resources Which Would Be Involved In the Proposed Action

The project will not cause any known significant curtailment of the --

diversity and range of beneficial uses of the local environment. ..
Certain resource commitments will be required for the disposal of
material dredged from the harbor. Upland disposal areas will undergo
a change from a naturally vegetated condition to a non-vegetated state
which will persist during the period they are used for disposal of
dredged material. When used to capacity, these disposal areas will - -
go through a vegetative succession beginning with grasses and herbs . 0
and ending with tree growth that will probably consist of pine and
mixed hardwoods. There would be no permanent commitment of resources
in the offshore disposal area. The proposed project will involve a
total commitment of the gasoline and oil required for dredge opera-
tions during the construction period.

9.0 Coordination With Others

9.01 In response to a request to the U. S. Fish and
Wildlife Service for an evaluation of the effects of dredging and
of various disposal methods on the area ecosystem, the Service
formed an ad hoc committee of experts in affected natural resource
fields to develop and coordinate a plan of study and to evaluate
the results of these studies. As a result of the recommendations
of this committee, the following reports were prepared under con-
tract to the U. S. Army Corps of Engineers.

a. A report on regional and local stratigraphy 0
and sedimentation in the Charleston Harbor area, Department of
Geology, University of South Carolina, D. J. Colquhoun.

b. Bioassay studies, Charleston Harbor, South
Carolina; and the effects of dredging harbor sediments on plankton,
Belle W. Baruch Coastal Research Institute, University of South
Carolina.

c. Effects uf dredged harbor sediments on larval
estuarine fish common to Charleston Harbor, South Carolina, National
Marine Fisheries Service, Beaufort, North Carolina.
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d. A study of the Charleston Harbor Estuary with
special reference to deposition of dredged sediments, Office of
Marine Conservation, Management and Services, South Carolina Wildlife
and Marine Resources Department. I 0

9.01.1 Based on these special contracted studies and the
Corps' long-range disposal study, the U. S. Fish and Wildlife Service

made the following recommendations concerning dredging and disposal
practices:

1. Disposal of dredged material within the confines of the
harbor or its adjacent marshlands be discontinued;

2. The most desirable method of disposing of dredged material
from an ecological basis is at sea via special dredge and barge . .

(Plan 8). Further, implementation is conditional to the favorable I S
findings of a small scale pilot program indicating the dredged
material can be properly transported and disposed of at sea; and

3. The most desirable alternative to sea disposal environment-

ally would be disposal in diked areas located inland above the
marshes. The best plan accomplishing both the economical and envi- I •
ronmental considerations would be Plan 6 of the long-range disposal
study.

The disposal method eluded to in number 2 above is not only the most
desirable but also the most economical.

9.01.2 A draft EIS was distributed for review on 23 May
1975. All letters of comments are attached to this EIS. A circled
number follows each comment which requires a response. A corre-
sponding number was assigned to the appropriate response. Responses
to these letters of comment are contained in the following section..

9.01.3 Responses to Government Agencies

U. S. Department of Interior

The draft ETS was coordinated with the State Historic Preservation

Officer. Also see Section 4.04.

U. S. Environmental Protection Agency

1. Eight water quality sampling stations were established for the
study cited in Charleston Harbor, the Wando River and Hobcaw Creek.
Of a total of 80 samples, only two exceeded the proposed EPA standards
for mercury of 2.0 ug/l. Analysis of these two samples showed levels
of 3.0 and 3.1 ug/. The 80 readings averaged 0.73 ug/1. In view
of the lower detectable limit for the method of analysis performed,
the degree of accuracy within the range of values measured and the
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distribution of readings as discussed below, we do not feel that the
mercury levels in the Wando River indicate a potential pollution pro-
blem. Collection of samples was divided into ewo major time periods, a
12-day period in January 1973 and a 12-day period in August 1973. Values
in the first period varied erratically between 0.1 ug/l and 3.1 ug/1.
The two values that exceeded the proposed standard of 2.0 ug/1 were both
recorded on the same day along with six other relatively high readings.
Samples at the same eight sites on the day before yielded a highest
value of 0.5 ug/1. Samples of the same sites the day after the high read-
ings showed a high value of 0.8 ug/1. All of the samples analyzed during
the second period showed levels of mercury less than 0.5 ug/, except for
3 samples (0.6 ug/l, 0.7 ug/ and 0.8 ug/l). This distribution of values
indicates that the few high values were discrepancies in..,methods of analysis
rather than representative values. Sediment sample analysis indicated no
mercury in the sediments. EPA studies found no sources of mercury discharge
in or adjacent to Charleston Harbor. A temporary "slug" passing through the
river is, therefore,highly unlikely.

2. The section referred to in this comment is a direct quote from the re-
ference cited. We cannot make changes in the quoted passage, but have
added footnotes to include EPA's comments.

U. S. Department of Commerce

1. Many of the assumptions in the article cited were oversimplified, such
as the assumptions that all nutrients from secondary treatment would reach
marsh-estuary areas (Table 4) or that all of the nutrients which do pass
through marshes are removed (Table 5). Unlike a true tertiary treatment
system which has little dissolved nutrient in the effluent, marsh-estuary
areas owe a great deal of nutrient removal to simple flushing action. Nor
is that portion assimilated by marsh 100% effectively removed from the
system. Some nutrients are returned as dissolved organic nutrients. This
is valuable to the estuarine biota, but does not constitute true tertiary
treatment.

2. See addition to Section 2.12.5.2.

3. The possible impact on water quality as described in this comment by
DOC would be a direct result of the Cooper River Rediversion Project, and
would occur regardless of the actions proposed in this EIS. Only those impacts
due to maintenance and dredging and disposal of dredged material are dis-
cussed in Section 4.0, "The Probable Impact of the Proposed Action on the
Environment". Water quality changes due to rediversion were discussed in
the EIS for that project.

4. The study cited in Section 4.03.6.1 is not included to describe a situa-
tion in all ways identical to Charleston Harbor, but to describe two methods
by which recolonization occurs: (1) suspension and subsequent resettling
of invertebrates and (2) erosion and slumping of steep slopes carrying in-
vertebrates into the channel. Neither process is depth dependent. That -.. .-
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recolonization by invertebrates in dredged areas of Charleston
Harbor takes place is supported by trawling by personnel of the
S. C. Wildlife and Marine Resources Department. During their
January 1974 trawl sampling at a station off the Columbus Street
terminal, the trawl retained several chunks of bottom sediments
from an area reportedly dredged to 40 feet less than one month
prior to the sampling date. These benthic samples contained an
abundance and diversity of worms (mostly polychaetes), mud crabs,
and bivalve mollusks comparable to that of numerous preserved
samples from undredged areas.

U. S. Department of Commerce, Coastal Zone Management

1. Frequent mention is made throughout the EIS of the coastal zone,
its location, geology, hydrology, soils, biological resources, water
quality, etc.

2. The maintenance of the harbor will have few effects on surround-
ing land use. Those impacts that occur, such as use of upland sites
for disposal of dredged material and effects of dredging on water
quality and biota are discussed at length in the EIS.

3. Requests for comments from all state agencies are handled through
the South Carolina State Clearinghouse, which requests comments from
specific cognizant agencies. All responses received from the State
Clearinghouse including comments from the South Carolina Department --

of Wildlife and Marine Resources are included in this EIS. Coordi-
nation among State agencies is a State matter.

S

Forest Service, USDA

1. The effects of the Cooper River Rediversion Project have been
discussed quantitatively in Sections 2.03.2, 2.03.2.1, 2.03.2.4,
2.03.2.5 and 4.09.1 of the draft EIS. River flow rates in cfs and
disposal areas required in acres are given with and without the re-
diversion project. Table 2 gives the expected dredging rates in C.Y.
with and without rediversion, broken down for 21 reaches. The time
required to achieve the expected 70% reduction in dredging require-
ments is also stated. The effects of dredging and disposal of dredged
material are discussed qualitatively in Section 4.0. By applying the
above quantitative reductions to the effects discussed in Section 4.0,
the impacts of rediversion can be readily derived.

2. U. S. Forest Service lands have been identified as Francis Marion
National Forest in the Final EIS. Only brief mention is made of re-
creationil uise, is the distance of the National Forest boundaries from
the Charl'ston Harbor project preclude any impact on recreation from
the proposed maintenance (see comment by S. C. Department of Parks,
Recreat ion and Tourism).
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Commander, Naval Base, Charleston, S. C.

1. Change made as suggested.

2. Changes made as suggested. S

. Department of Health, Education, and Welfare

No response is required. -. -

Department of Housing and Urban Development S

No response is required.

Federal Power Administration

No response is required. 4.

U. S. Coast Guard

No response is required. ' .

Soil Conservation Service, USDA .. ,

No response is required.

Federal Highway Administration, USDT

No response is required. .

South Carolina State Ports Authority

1. We have included thses tables in the final EIS as tables 20, 21 and

22, and made reference to them in Section 2.13.1.

2. Response is made here to both paragraphs numbered (2) and to the

concern expressed throughout the State Ports Authority's comments in

regard to the substantial adverse effects of not maintaining the harbor.
The EIS concisely states these effects in Section6.01.1 as loss of ac-

cess to naval facilities, elimination of commercial shipping, and
disruption of the local and state economics. Because this alternative S

was rejected, we did not describe these adverse impacts in greater de-
tail. Impacts from the proposed plan, which are not hypothetical but
will probably occur, received more attention. See revisions to Sections -

6.01.2, 6.01.3 and 6.01.4.

3. See revisions to Section 2.13.2.4.2. 0 _

S _..•.-
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S. C. Department of Parks, Recreation, and Tourism

No response is required.

South Carolina Wildlife and Marine Resources Commission 6

I. Correction made.

2. See revision to Section 2.12.5.1.

3. Section 4.0 of the draft EIS included a dibcussion of the pro-
posed dredging on fish in general and further described which species
and which age groups would be most and least affected by dredging.
Striped bass and herring were specifically mentioned in Section
4.03.7.05. Shad and herring were specifically mentioned in Section
4.03.7.10.

Yearly maintenance on the project has been performed for years with no
drastic effect on shad, herring or striped bass, or minor effects other
than those described in Section 4.0. A decline in the herring run has
taken place in recent years in the Cooper River. Information from the
U. S. Fish and Wildlife Service shows that the decline has taken place
since 1969 and is not unique to the Cooper River or to South Carolina.
Overfishing in international waters, overfishing in inland waters dur-
ing the annual spawning run, pollution of rivers and estuaries,
destruction of habitat, denial of access to spawning areas and natural
fluctuation in abundance were cited as factors responsible for the
decline.

Dredging is not considered to be a serious contributing factor.
Maintenance has been performed since the original construction, but
the decline has taken place only in very recent years. Also the de-
Cline has occurred in areas where no dredging takes place.

South Carolina Water Resources Commission S

Typographical errors have been corrected.

South Carolina Department of Health and Environmental Control

We acknowledge SCDHEC's preference for Plan 8. Until such time as
the specialized equipment necessary is available, disposal will
take place in existing disposal areas or new upland areas. Mos-
(ptito control, as in the past, is the responsibility of the local
• ) in or, South Carolina State Ports Authority.
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ESTIMATED IMPACT OF TRAVEL AND CONVENTIONS

1970 Attendance (Tricentennial Year)

1, 300, 000 Tourists 0 $24. 80 per visit $32.3 million
35, 000 Convention Delegates @ $35. 00 per day (2 days average) " 2. 5 million

950, 000 Business & Others @ $20. 00 per visit 19. 0 million
Total Travellers Income $53.8 million

1971 Attendance

1,222. 000 Tourists (6% decrease) 0 $20.00 per day (1. 5 days average) $36.6 million
30, 000 Convention ielegates @ $45. 00 per day (2. 5 days average) 3. 4 millio

950, 000 Business & Others @ $22. 00 per visit 20. 9 million
Total Travellers Income $60. 9 milijon

1972 Attendance

1, 385,000 Tourists (13.3 % increase) @ $25.00 per day (1. 5 days average) $51.9 million
31, 500 Convention Delegates @ $45.00 per day (3 days average) 4. 3 million • .

955, 000 Business & Others @$22. 00 per visit 21.0 million
Total Travellers Income $77.2 million

1973 Attendance

1, 469, 500 Tourists (6. 1% increase) @ $30. 00 per day (1. 5 days average) $66. 1 million
35, 000 Convention Delegates @ $45.00 per day (3 days average) 4. 7 million

995, 500 Business & Others @ $22.00 per visit 22. 0 millio
Total Travellers Income $92. 8 millio n

1974 Attendance

1,396,025 Tourists (5% decrease) @ $35.00 per day (1. 5 days average) $73. 3 million
28, 000 Convention Delegates @ $45. 00 per day (3 days average) 3. 8 million

961, 300 Business & Others @ $25. 00 per visit 24. 0 million
Total Travellers Income $101. I million . -

p. -

Source: Area attractions and estimates made by the Travel and Conventions Division of the Charleston
Trident Chamber of Commerce.

.13.

INTER-CITY COST-OF-LIVING INDEX REPORT
Index of 100 = National AverageFourth Quarter. 1974--..--"--"

Misc.
City All Items Food Housing Utilities Trans. Health Serv.

San Diego, CA 102.8 87.1 116.7 75.6 95.9 130.1 112.4
Denver. CO 106. 2 95.6 120.8 91.9 100. 1 121. 1 94. 2
Jacksonville, FL 119.5 106.0 110.8 189.9 98.5 100.4 112.1 
Miami, FL 124.1 115.8 150.8 95.0 98.2 137.4 111.4

Macon, GA 96.2 96.1 90.0 128.5 90.2 79.0 90.6
Savannah, GA 105.6 100.5 95.0 152.2 86.1 90.1 118.3
Chicago, IL 101.3 99.8 96.1 94.5 107.6 121.1 108 8
New Orleans, LA 104.3 100.0 99.9 127.9 87.1 115.9 104.1
Winston-Salem, NC 106.8 102.3 114.5 116.8 95.0 96.5 96.2 - .. ".
CHARLESTON, SC 102.9 95.5 89.3 174.1 80.6 90.6 95.0
Richmond, VA 102.7 103.7 99.5 110.3 101.5 102.0 102.8
Rutland, VT 115.8 114.5 107.8 165.0 104.4 106.5 94. 0

Source: American Chamber of Commerce Researchers Association, "Cost of Living Indicators.

NATIONAL INFLATIONARY TRENDS IN CONSUMER PRICES
BY CATEGORY 196i7 100

Category Jan. '70 Jan. '71 Jan. '72 Jan. '73 Jan. '74 Jan. 175

All Items 113.3 119.2 123.2 127.7 139.7 156.1 .
Commodities 111.2 115.4 118.7 123. 4 137.0 153.4
Food 113.5 115.5 120.3 128.6 153.7 170.9 .-.. .
Housing 114.7 122.7 127. 3 131. 5 142.2 161.2 .. ,... .. -

Fuel & Utilities 105.1 112.1 118.7 122.8 140.8 160.5
Transportation 109.8 117.5 119.0 121.0 128. I 143.2
Health k Recreation 113.2 119.8 124.3 127.8 133.7 148.9

Source: U.S. Departmeilt of Commerce "Survey of Current Business" March, 1971, 1972, 1973, 1974, 1975 t --
:onsumr Price Index)

-14-
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plankton tows, Ashley River, 1963-1964 B-49

17 Standing crops of fishes and invertebrates in three
Cooper River, S. C., tidal streams in April, July, and
November 1971 B-SO

*18 Species composition of fish captured in Charleston Harbor
*dumping area B-52

19 Species composition of benthic and frne-swimming inverte-
brates captured in Charleston Harbor dumping area B-54

20 Exports by county, South Carolina, 1972 B-55

21 Imports by county, South Carolina, 1972 B-56. .

22 Value of Exports by county, South Carolina, 1972 B-57
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TABLE 2
ESTIMATES OF ANNUAL DREDGING RATES FOR AVERAGE FRESH1-WATER

INFLOWS OF 15,600 CFS AND 3,000 CFS0

I L Expected Dredging Rate
*Shoal Reach 15.600 cfs 3,000 cs

Noise Measurement Facility 120,000. 37,000

Naval Ammunition Depot Channel 840,000 250,000

Goose Creek 36,000 17,000

* Charleston Harbor:

Shoals 1 &2 414,020 39,370

*Shoal 3 78,240 7,440

Shoal 4 221,680 21,080

*Shoal 5 74,980 7,130

*Shoal 5A 736,760 70,060

*Shoal 6 117,360 11,160

Shoal 6A 638,960 60,760

-Shoal 6B 71,720 6,820

*Shoal 6C 534,640 50,840

*Customhouse Reach 143,440 13,640

Tidewater Reach 228,200 21,700

*Navy Slips and Docks 3,000,000 1,220,000

-Shipyard River 790,000 370,000

-Other Slips and Docks 130,000 53,000

Shem Creek 2,000 1,000

* Anchorage Basin 720,000 210,000* -

*Entrance Channel 1,250,000 5000

Total 10,148,000 2,968,000

* Source: Reference 36 B2

S S S S S U 3 3 3 3 3 B-28
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Table 4
Charleston Harbor Sediments Analysis, August, 1972 (S.C. Poll. Cont. Auth.)

Volatile Solid COD TKN GREASE PB ZN HG % Total
Station 600" Dry De/ Dry Wet Wet Dry Solids

Ashley River % Dry Mg/Kg
A13C 7.2 73800 1360 3370 20.4 43.9 .48 60.0 ' '
A19A 12.2 86600 1720 1130 23.8 30.6 .39 57.1
A19B 7.1 440(;0 1370 1960 39.2 77.6 .35 52.8
A19L MAR. 13.4 108000 1790 3510 17.0 28.3 .33 48.4
A2OB 4.7 40200 730 830 47.6 11.8 .28 65.8
A21A 7.2 93000 1600 1990 44.6 74.0 - 52.9
A218 18.1 25500 700 590 ND1  27.6 .16 80.0
A3A 10.8 107900 1990 1580 28.7 2.9 .81 48.0
A3B 12.1 75500 1440 830 43.5 47.6 1.02 49.0
ASB 14.4 126900 4440 3900 39.6 43.5 .73 39.8 .
A7R MAR. 12.7 129200 1440 11019 46.8 63.1 1.08 37.0 S
A9A 13.5 103000 2048 1890 52.1 241.8 1.20 39.6 .- . -AB 2.75 40200 730 450 50.7 69.9 .24 74.2

A9C 11.5 100000 2680 1220 31.9 56.1 .42 46.8
A11B 10.9 111000 4030 2160 42.8 62.4 .39 51.7
A11C 13.4 106900 2090 1120 46.4 75.9 .75 41.3
A13B 8.58 66100 1800 1220 31.6 36.9 .19 51.4
A18A 15.5 149400 1290 2840 42.3 46.3 .44 38.5 •
AI8C 1.45 14000 1740 301 19.8 18.5 .93 76.3 ..- -" . .
A19 R MAR. 13.2 122000 1790 2120 25.2 6.0 13.2 42.0 -.

A20C 1.61 23000 930 4240 21.5 22.3 .14 76.3
A'13A 6.6 58300 1050 820 27.5 27.0 .15 76.0
A7C 7.3 32300 590 1140 13.6 17.5 .23 72.3
A19C 8.8 73300 2240 900 25.6 19.8 .23 50.7 5
101 B 17.1 140800 1070 670 31.7 25.0 .34 76.0
103 B 8.5 100000 1490 540 42.5 149 .68 50.6 . .
102A 12.6 60200 2700 490 60.4 88.1 1.12 57.3
A21C 12.4 66000 590 690 18.8 17.8 .58 85.0
A18 B 10.4 37000 690 1010 23.2 46.0 .38 83.1
A20A 9.5 54600 1090 550 22.1 36.2 .09 69.7
102 C 12.2 92000 2080 2230 35.8 47.2 -2 61.5 0
101 A 10.2 70300 1970 3220 - 53.8 .15 58.0
103 C 8.3 83600 1650 2990 24.3 41.0 .24 55.9
101 C 9.8 110300 2500 3690 91.1 59.4 .72 58.5
A 3C 2.8 46000 830 530 21.5 57.0 .35 72.9
ASA 5.3 49700 1330 2870 40.5 41.3 .33 65.5
A 5C 8.0 106000 1360 1930 24.3 13.6 .23 59.5
A 7A 11.6 115000 3100 11700 45.9 74.1 .50 44.3
A 78 2.7 26800 609 1190 19,9 10.7 .10 77.4
A 7L MAR. 5.8 70700 1820 1250 17.0 28.3 .43 60.0
A11A 10.2 109000 2460 10000 43.0 72.3 .24 49.9
Average (Ashley) 9.32 79270 1682 2288 32.7 45.8 .45 59.0

B-30
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> ble 4 (cnrt.)

Volatile Solid COD TKN CREASE Mg/K ZNg Kg0 Sol

% Dry Mg/Kg Mg/Kg Mg/Kg Mg/Kg M/g M/g Sld

S-Station 600' Dry Dry Dry Wet Wet Dry

Cooper River

KCLM2 20.7 27500 510 720 33.7 39.8 .54 87.9

CLM3 7.1 163600 100602 32.2 43.1 .34 37.4

CLMI 12.7 111100 1650 3470 23.6 32.A .25 57.4

C02R 3.5 37300 810 1010 20.9 7.5 .34 68.6

C03L 15.7 43000 820 570 19.1 9.9 .15 65.0

C01iL 17.8 67400 875 660 33.7 32.7 .26 57.6

COIR 16.6 51-000 840 390 27.0 10.4 .29 70.8

C02L 32.2 79600 1380 1270 58.9 44.7 .17 49.9

C031.2" Deep 4.9 43100 1070 360 32.7 42.6 .36 72.9

C03M .915700 730 510 162 20.7 .40 73.2

C02M 6.4 764G0 1390 7760 19.8 11.5 .30 42.0

COiM 3.1 54400 980 790 24.8 13.9 .29 60.39

Average (Cooper) 12.2 18880 1029 1514 28.9 2.7.9 6. S

Wando River "A Dry Mg/Kg

W-1-L 8.6 31600 710 980 19.7 12.6 0.29 6.

W-1-M 7.43 60000 1300 1350 33.1 32.9 0.97 558.0

W-1-11 5.62 30700 1040 1110 2 9.2 20.3 0.58 53.3

W21 3.2 23300 590 860 13.6 19.4 0.17 70.4

W2M 2.8 32600 660 1070 16.9 20.2 0.40 72.9

W2 R 11.3 46300 440 1110 27.1 41.1 0.68 74.6

W31. 10.2 105000 2140 3980 35.6 47.9 0,33 43 6

W3M 5.57 22800 500 4320 24.9 16.8 0.49 70.4

W3R 109124800 2860 3400 35.2 17.1 0. 19 58.5

W41 15.1 155500 3520 10020 5.8 13.4 0.69 37.3

W4M 0.6 1200 470 2880 ND' 7.5 0.21 25.2

W4R 3.5 31000 610 3010 12.6 8.2 0.11 '67.4 .j-.. .

WSL 4.4 1800 360 233 28.2 48.9 0.04 29.1

W5R 9.0 63300 So 3390 20.3 52 . . . . -.. .

W6M 20.3 28600 570 -2760 42.9 24.4 0.24 34.4

W6R 3.7 210400 3030 3750 30.7 24.0 -- 36.8

WL3.9 37500 910 1430 - 29.0 0.43 62.3

W7M 4.0 36300 544 2680 26.8 181 0.51 33.3
W7R 4.0 35100 980 3270 21.0 12.4 0.7 33

WfIR 4.2 34100 270 3290 28.6 13.7 0.2 2.5
W6RM 15.5 111400 2800 3110 42.3 31.0 2.33 6.

Average (Wando R.) 7.3 49214 1195 2763 23.0 24.2 .50 49.9 -

1 " D.' denotes none detec.ted.

2 Denotes sample run, bu, dcscrintion loist during analysis.
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Table 5

PESTICIDE ANALYSES

Bottom Sediments U. S. G. S. Study
(ugl kg)

Sampling Site Date C .7 x

Time 'j 0A V

PB-i Cooper R. at mile 5.2
5-4-71

*10900 1.7 0.0

PB-2 Cgoper R. at mile 8.0 5-4-71
2 0930 1.1 0.0

* P8-3 Cooper R. at mile 10.3
at mouth of Goose C. 5-4-71

31020 0.0 0.0

PB-4 Clouter C. 1.5 mile f rom
North Confluence with Cooper 5-4-71
R. 1045 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

P3-5 Clouter C 1/ mile from
Northern Confluence with Cooper R. 5-4.71

41035 0.0 0.0

PB-6 Cooper R. at mile 15.5 5-4-71 0.0 0.0 0.0 0.0
_ _ _ _ _ _ _ _ _ _ _ _ _ _

PB-7 Cooper R. at mile 19.0 5-4-71
1152 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 1

PO-8 Durham C. Canal 1/4 mi.
from Northern Confluence with 5-4-71
N. Branch Cooper R. 1330 0.0 8.4 1.5 0.0 0.0 0.0 0.0 0.0

PC-9 E. branch 3.5 Cooper 5-4-71
R. at mile 3.54 1255 0.0 0.0 0.0 0.0L... -

FB-10 W. branch Cooper R. I
i t mile 35.4 5-4-71 I

B1350 0.0 1.0 3.0 0.0 0.0 0.0 -. -.0

PB-li Winyah Bay 1 mile belowII
* Sampit River 5-2S-71 0.0 14.2 3.4 0.0 9.1 0.0 0.0 0.0

PB-12 Winyah Bay Channel I 54 71 .........
marker #22, Georgetown j 10 00I04 00 0.0 1.1 I0.0 I0.0 0.0

__ __ __ __ __ __ __ __ __ __ _ __ __ 1........i .... L........ -..-

1PCBz=80 ug/kg. Rtemaining Pesticides cannot be con- PCB-z40 ug/kg ±t 5 0. Remaining pesticides cannot
firmed due to PCB3 interference, be confirmed due to PCB interference.
PCB=:125 ug/kg. Remaining Pesticides cannot be con- q;PCB=30 ug,'kg ±t 50%.
firmed due to VCB interference. PCB=5O ug/kg ± 50%. Remaining pesticides cannot ..

SPCB-100 ug,'kg. Remaining Pesticides cannot be con- be confirmed due to PCB interference.
O rmed due tc VCB inter'ercnce. Suspect presence of PCBs.
PC6=30 ug! kg ±t 501,%. DDD, DDE are present but0
cannot be confirmed due to PCB Interference.
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TABLE 8 ,

COOPER RIVER EFFLUENT DISCHARGES

Source
Approximate
Discharge/Day Type Treatment

Charleston County (Gallons)., .

Sherwood Trailer Park 60,000 Oxidation pond
T.E.C.-B.D.C. 29,500 Stabilization pond
Highland Trailer Park 25,000 Aerated pond & chlorination
Airco Alloys and Carbide Co. 20,000 Modified activated sludge system
North Chas. P.S.D.-Hawthorne Pond 3,000,000 Treatment plant
Oakcrest S/D 120,000 Stabilization pond, chlorination
Paramount Trailer Park 85,000 Aerated lagoon, chlorination S
Hobcaw View Apartments -.-
North Chas. A.F.B.-Radar Station -- Chlorination
Econo Travel Motel 5,000 Aerated lagoon, chlorination
Swifts Fertilizer 10,000 Oxidation pond
Westvaco 45,000,000 Activated sludge plant
Donerree Village -- Aerated pond and chlorination
Etiwan Fertilizer 7,500 Aeration treatment plant & chlorinati(

"
. . .

F.S. Royster Fertilizer Co. --- Cooling pond - .
EARCO Div. - Koppers --- Sand trap
ROBO Automatic Car Wash 8,000 Grease and grit trap
Town of Mt. Pleasant - Wakendaw 120,000 Treatment plant
Town of Mt. Pleasant - Hickory Shadows 101,000 Aeration and chlorination
Town of Mt. Pleasant - Parrish Place 180,000 Stabilization ponds
Town of Mt. Pleasant 570,800 Treatment plant
Town of Sullivans Island 570,000 Oxidation ditch with chlorination
Northwood Estates Northwood Mall 375,690 Treatment lagoon 5
Broyhill - Whitnel Industries 3,750 Aeration and chlorination
Baptist College at Charleston 350,000 Oxidation pond and chlorination
North Chas. Cons. P.S.D.- Eglin St. 10,000,000 Treatment plant

Berkeley County

Shannon Park, Berkeley Square S/D Ponds
Lowcountry Girl Scout Camp 12,000 Oxidation pond & chlorination
Berkeley Country Club S/D 18,000 Treatment plant
Pimlico S/D 40,000 Treatment plant
Jefferies Steam Plant 6.000 Treatment plant
U.S. Navy - Short Stay 10,000 Activated sludge system
Central High School --- Oxidation pond
U. S. Navy - Pier A 1,000 Aeration system

U. S. Navy - Southside 100,000 Activated sludge system
Verona Corporation 3,000,000 Eqlz.,nutzl.,aera.,stabl.&settliug P"T,, -.-
S.C. Electric and Gas - Bushy Park Unit #1 464,931,000 Ash sluice pond, cooling tower
U. S. Navy Menriv Ponds 600,000 Oxidation ponds
St. James Estates S/D 45,200 Activated fudge system
Otranto Dev. - ----
Sunrise Trailer Court 22,500 Oxidation pond
Sedgefield Dev. 155,000 Treatment plant
U. S. Navy Pomflant ponds 75,000 Oxidation ponds

Beverly Hills S/D 315,000 Stabilization ponds .
Forest Lawn S/D 80,000 Stabilization pond

Hwy 6 Laundromat --- Screen and spray injection,chlorin,.dil'..

. . .. . • ..

,. . .°. ..
...... ..... ...... ..... ...... ..... .....

B-35 . . . . .... . . . ... .

-7. 1- -- °7

"%° , '% ° '
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TASBL 9
Summary of Physical *Cheinfel and :icrobiological Data Collected by the

Environmental Protection Agency During October and November, 1971

October, 1971
Nh'oieno.s Pt1lsP0ul h401hlters01. Fa.I

Taml P4 C77,i's no EOC s TOC Co volnas ,,q/1 .ng/I Rowue. mg g Metal . u/ Coiorm- -

eta C 0mw MWI . n Agg l TKN NH3N N0 2-10 3 ToIAl-P Orlho-P TOtll Vol Cu C, Pb Zn U P 6 '0 ml Fe " -

Avg 21 77 7.530 53 i 52042 005 001 001 004 37 14 45.2)170 40 AS1070 .20

230 03 3 O 7 1 60 54 010 0I0 008 C07 63 21 00 :20 240 00 80 100 20 7100

Min 0 6 7640 1 06 0 03S 004 002 002 002 12 6 30 20 100 30 50 5 0 20 330

Av 221 76 3225 64 1 7 047 005 004 003 002 16 6 240

Man 23O 63 700 77 26 9004 00 06 04 04 31 .......-. 1-.300

Mn 20 72 52C 47 04 40 340 004 003 002 002 6 2 5 -.---0

Ag 213 72 310 70 08 47 041 000 0O('5 003 002 Is94 : 0 2VO7 70 1 1 So 058 007 010 O 0 03 2: 1 .. . 110 • -..-

Min 200 65 10 34 04 40 023 001 003 002 001 9 2 so ,. _ .. I..

Avg 216 75 a 71 - 0 045 005 OC$ 004 002 17 2 |-0 •

6 Man 230 7? 76 60 - 60 009 006 000 00 004 24 6 17-.--.---1.

Min 20 77 74 -- 40 026 004 003 003 001 9 4 ... ".............0.

Avg 216 74 a 711 06 47 039 004 004 004 001 12 3 35 '20 -6 45 25 655 -20 ;90

6 Ma 220 77 6 60 70 60 046 006 005 005 002 17 4 40 20 :80 G30 20 . 0 2300

MAn 210 7 6 72 005 40 026 003 003 002 .001 7 1 30 20 '0 30 20 7U 20 1 30

Avg 212 ?3 6 16 09 42 042 007 015 004 003 76 4 45 :20 :00 35 30 95 2 1 0

7Man 220 77 70 62 10 50 050 012 009 0C'7 007 24 4 S0'20 80 40 40 190 20 230
Min 205 65 77 04 40 036 004 003 003 001 9 3 0'20'60 30 20 700 '20 20

Avg 218 74 6 7 a S2 044 004 001 004 002 6 3.........- - - 26

a Man 225 76 9 84 60010 006 007 006 003 14 5 170
Min 210 70 7 73 o. 038 003 .001 002 001 3 1 - - 0- 20

Avg 208 72 10 74 09 45 046 004 003 003 001 6 3 25 :0 080 20 20 740.20 O 0

S Max 21 S 76 I1 60 11 00 0 1 006 004 003 002 72 4 30 '20'60 20 30 100 '20 330
Min 200 64 7 70 06 40 033 003 002 002 007 a 2 20 '20 '60 2010 360 20 70

moveber, 1971

Nitrog.nou Phosphote Nonfl--..6l6l FacS
Temp PH Chlond 00 600 5 TOC C-PmuOonds nq I mg/I ResIdUa. agll Metals u0 1 oII0m..

so6 C Un*ts tmg, I nm; Mg; Mg, I TKN NH3 -N N02-NO 3 Total-P 011ho-P Tctal Vol Cm C, Ph Znt Mn Fe Mg "t00 'i

Avg 179 77 9033 64 39 59 031 002 0'5 001 004 44 72 67 :20 232 135 06 2212 30 460
I M. 220 1 1400 74 10 90 100 006 009 012 010 728 34 100 '20 480 260 700 6610 So 1700

Min 750 72 3020 53 08 40 014 .001 001 002 002 13 2 40 20 130 60 20 650 20 130

Avg 183 70 6. 111 C. J 08 60 026 003 006 006 005 45 11 200

3 Ms. 225 0 137;01 7 10 100 040 007 01 0 0 0770 010 146 3.1 790
Uln 155 70 323 51 06 40 17 '007 002 002 002 13 3 20

Avg 782 75 2620 69 06 60 027 002 006 004 004 20 6 90

Me. 220 600 77 06 0 048 00 01 009 007 44 to. . . 4
Min 100 67 9 77 0 60 013 -001 005 002 001 9 2 .... .20

Avg 1791 7S5 135 76 -- 77 0311 003 012 0 04 003 I 0.."'''''

: Max 22 5 630 02 . 000 081 001 01' 006 007 23 I........ . 230
M " 150 '02 6 0 4t .7 70 G . . ..

67 0 3 002 012 004 003 ;1 4 1 0 :00 745 00 1320 o0 oMan 22 S 26 : 1 0 7 0 01, 0011 0 1 00O7 0 0S 5 10 40 .2 .80 40 t100 1320 : 2 490"'-" - " " 
"

30n 40 13 ' 0 00 .' 00o 006 002 .02 7 1 70 20 '0 20 20 MO '9 20

Ag 17 73 116 72 07 61 042 002 013 004 002 11 4 2 -20 11 6 26 10, .20 36

6 J8 8S 10 0 096 006 Oil 009 003 46 1; 00 :20 750 40 60 720 0 3400
Min 4S 9 0 012 '001 006 001 001 1 I 7f) '20 -'0 20 0 60O '20 60

Avg 185 74 10 0 - 46 034 003 Ole 003 002 -2 0
a Max ,,o 2S 9 , , ,3

in IS0 *1 9 1 ) 001 014 001 -001 1 1 . 20

Avg 17 73 3 06 9 041 002 011 004 302 7 3 32 20W2 32 3,2 I 7,0
I Max 220 40 20 44 06 7000 5 003 Os 007 006 16 6 so 6 207 00 40 50 10.20 IV.

ilt M 70 a be 04 40 016 '001 007 002 002 2 1 so '30 60 20 t0 &V .0 20

'Golinwairt me" " """

-.. 6

. . . . . . . . .o. . .

• "~ ~ ~ ~~ ~~ ~~~~ ~ ~~ ~ ~ ~ ~. . . ....... - . .... .- ,.'.'..*. n-'- 4 ..... *7.*. "*...%'. ." %" %'.



TABLE 10

ASHLEY RIVER EFFLUENMT DISCHARlGES

Source Approximate Type Treatment I -

Discharge/DayI0
_______ ~~(gallons) _______

Charleston County

Pepperhill Development 542,000 Oxidation pond, 2 lagoons, chlorination
St. Andrews P.S.D.-Sava ; Road 65,000 Aerated pond
James Island ------
Charleston AFB 40,000 Package treatment plant
Irongate Development - Shadowmoss 80,000 Oxidation pond
Dortown Apartments 50,000 Aeration and chlorination
North Chas. Cons. P.S. D-F, rest Hills 196,000 Treatment plant
St. Andrews P.S.D. 85,000 Aeration
Pie rpon ----
Bird and Sons, Incorporated 500,000 Disposal in marsh
Lockheed-Ceo rgla 200,000 Treat fur industrial wasces
S.C. Marine Resources enter 12,000 Chlorinated in a contact detention tan.
City of Chari..,on-Plum Island Plant li0,000,000 Treatment plant
Marlborough Club liev.---
Seaport Laundromat ---

A.M.E. Apartments ------
Hardees Foods 4,1()()0 Aeration and chlorination
Queeosborough S/S 59,100 S~tabilizit ion la~cooi
Westc hescer Dcv. 45,000 Stabilization pond and chlorination
Meyer Park Plaza 10,000 Oxidation pond -

Lawton Bluff S/i) 110.0()0 Stabilization pond, chlorination,dvtvnti S
Ashcroft-3lairwoods-Hjrv': Woods S/D 145,600 Stabilization pond
Farmngton S!0 102,000 Pond and chlorination
Lynwood Dev. 94,000 Treatment plant
Whitenouse Plan'-It Ion 99,80C Stabilization pond and chlorination ..-

City of Charl~ston-Airr~rt '50,000 Oxidation pond
S.C. Electric' ind ';.is-( rtw Quarters 500 Aeration
Ladson Vi .g.Trail or latrk 44, 125 Treatment plant
KOA Campgrounds ------
Ford's Rvdi nix Concrot, 750 Treatment Olant
Mobile Chemical Compan- 187,000 Oxidation pond
Columbia Nitrogen 40,000 Septic tank
S. C. Llectric and -.s - iagood Plant 2,400 Oxidation pond
G.E. - Ladson Plant 6,000 Coagulation, sedimenraticn, and tlltr'rt
North Chas. Con%. P..- I logc Heights 50,000 Treatment plant
Arigo Chemicals --- Scrubber
W. R. Grac'- and Co.--- Cooling water pond
Koppers, Incorporated -- Sand trap0

Doreche ster Cout

North Tranquil Acres 200,000 Stabilization pond
South Tranquil Acrus --- Stabilization pond
Quail Arbor 84.672 Treatment lagoorn
Greenhurst 122,500 Pondsg
Coastal Center------
Fair lawn ------
Rose Hill 53,000 Ponds
Wood lawn 27,000 Ponds
Cono Flow C rp, rat;on---------------------------------- -- Oxidatihn ponds
Ashley Forest Es~tates 27.500 Stabilization ponds
Country Club Apartments-------------------------------Ponds-
Uakc!-le 71;,000 Stabilization pond
Town of Summerville 350,000 Treatment plant- 1

Belm,)nt 33,920 Oxidation pond
*Kinlghtsville Ll.'moritary School 18,000 Oxidation pond

*Berkeley Cnoint

Cloverleaf Trailer Park 6, 720 Stabilizatiotn pond

B-3 7
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Table 17
Stading crops (catch per su ace aL) of flab". aed Iertebrates is three Cooper lIvor, South Carolina$ tidal sttems Ia April, July.

ad 0ovembee 19l1. Iwere of orapeanja are subtmded by wlitbts (poueds) Is parmheses.

Sampliug Site

Ora-sm Closter No. I Clouter No. 2 ashy P rk NHe..

April July Nkveeber April July iovember April July November A ril July owembe"r

nab"

Lapivoeteldaa - $ate
laaoteae 008m. loopse~ Wa 1 2 '

(5.8) (1.5) (0.1) (6.4) (40.1)

(2.8) (0.9)

degelllldee - frehwter sale
Am"Is roatrate. Amorism eel 442 23 1 5S9 1.303 15 463 28 9 495 451 a

(10.3) (2.0) (0.3) (6.5) (108.0) (1.5) (14.5) (2.5) (1.0) (10.4) (37.5) (0.9)

Clopeld - herclo-
p, h 1._e atlvll , blmbeck bhrril I5 961 107 384

(0.4) (.1) (0.2) (1.9)S m~o_.__q hlcb.r, ehad 1 '
(0.8)-- . -'

rer.tia tynrmu, Atlntic mehadem 3398 15.562 9 22.464 21.421 5 2 7 8.621 12,330 5
(3.1) (33.8) ('0.1) (5.1) (71.6) (-0.1) (.0.1) ('0.1) (2.7) 135.1) (0.1)Doloea c dlam* gizearde ed 7 13 14 251 a 3 9 1 8 37 7
(0.4) (1.3) (0.2) (1.1) (2.3) (0.2) (0.5) (0.7) (0.3) (0.5) (1.4)

Doroe m atemmse, threedf o al ad 2 1 1o. ) ~~~(-0.1) (o, ' ' .
Rograulidse - aechovie.S ache utchilLl, bey ecbovy 435 107 10,508 1,305 36 4.083

(0.1) (0.3) (22.3) (0.3) (0.1) (7.6)

Reocidee - Pik"
n alot. Chai. pickerel

('0.1) ('0.1) -

*Cypriolda* - minnows -nd Cal"a

(22.0) (7.3)

u ltaluxidae - freshwater catfishes
-laliute catg. white catfish 379 521 1 209 87 459 84 1 196 497 1%4

(12.8) (24.7) (-0.1) (4.0) (8.5) (30.4) (5.0) (0.3) (5.6) (12.1) (10.2)

GeOld.- edlefiahod
Ztl.lurma *, Atlatic aedlohu 8 2 1 1 1 '1 4 1 "

(0.1) (0.9) ('0.1) (0.4) (0.1) (0.3) (.0.1) (0.1)
Cyprinodonti

4 " - 
hilliftsho -YImaaulu hatereclltue, mmi¢be 0  *69 285476 4,00 3,6 o5 3.005 2.100 9,748 269 W o .

(6.6) (30.0) (13.4) (7.7) (0.9) (1.1) (17.1) (7.0) (18.3) (0.3)

Atheriidae - sllvereoe
.Nedla barylla. tidewater allyareido 806 414 6 806 1.636 1,233 12 39 414 341 8"4

(1.8) (0.1) ('0.1) (1.8) (1.0) (0.9) ('0.1) ('0.1) (C.3) (1.2) (0.4)Nemdie ee~idle Atlaotlc ehlverelde 1 1,936 .1 6
(0.1) (1.8) ('0.1) (0.6)

Syngatida. - pipefiebee .
.e ..

jS-cbue suc o-bherm pipes ab '

('0.1)1)('0.1)*Ceetrapaulda - enooks
* Caoo ,.ieRM .mdatimalis* moeh 1

Pericht17y1das - temperat bssa
ftKrme SsaE.tl

1
e. strip"d bass11

(0.5) (0.8) (0.4)

., aescantha alorloeue, blueepotted ot .ek 15 1 "
•LZmBs aurit t. redbreast sefigh (.0.1) (0.3) (.0.1) 1)

4 1LODMIG (1.2) (0.3)
,." mla aibe_ s_ p ead 23 3 8 1

(2.3) (0.3) (0.8) (0.1) " -
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Table 17 (Con't)

Sampling $It-

Orenissa GCIuter No. 1 Clouter No. 2 Bushy Park men

April July November April July November April July Novembe r April July November 0

1eml 2scrochitus. bluegill 2N~ oh r le il(0.) (0.) ('0.I) (<0.) •"- - "- - I

gooe microlnph". redear sunfish (<0.I) (.1) (0.)"'
1 16 4 '-

Lepos<0.) ct(cu0. spotted ounflah 1) (0.6) ('0.1) (0.2) -

Acrot vrus salmoidoe, largemouth bass 1 1 23 3 6 421 11 2 148 5

(0.1) (0.1) (3.2) (0.8) (1.3) (3.1) (3.3) (0.5) (2.1) (1-.)

pooensa. .ularia. wbite crappie 3 18 24 47 14 5 9 14 10

(0.1) (1.8) (0.7) (1.3) (0.3) (0.5) (0.9) (0.4) (0.4) (0.9)

L Perctdae - perches
Perra f-aveeo. Yellow perch 4 3 2 6 14 3 6

er 
(0.2) (0.3) (1.0) (0.2) (0.5) (0.4) (0.1) (0.3) 0.5) N -

Poeatomidee - bluefishe
Pomtcwau saltocri, bluefish 3 1

(0.1)

Coran$1dae - jacks and pumpanna 6 20 1 9

Caaa~g~ ceal ak(0.1) (0.6) (0.1) (0.2)

Grr.id. - MJ.rras
Eucl auo Rle, 8"ilvr Jny 3 41 8

(<~l (.1 (0.1) (,0.1) -

sciaseidas - drums .

SAtdJlIs Shrysurz. allye.s1erch 158 3 4,944 1.701 1
(0.3) (0.1) (1.4) (0.6) (<0.L) . -

Croce.i' o ab loesa, spotted seatrout 5 (0 1
(0.3) (01)

aatk 7 2.783 2,826 29 1,341 3,058 76 12 1.375 1.987
(0.3) (6.1) (0.1) (1.5) (9.9) (2.3) (0.4) (0.6) (6.0) (1.0) . . -

Njctoucqam undulatu. Atlantic croaker 19,548 26 75,425 2,447 10 32,473 3 9

(29.3) (.0.1) (85.4) (1.8) (0.1) (38.8) (<0.1) (<0 1) - .

N"qlida - rullte
t _,all tELus. iCriped oiulec 2.053 1.228 4 1.582 35 22 830 26 2 1,488 429 9

(36.3) (9.8) (1.4) (36.8) (4.4) (4.2) (22.7) (2.2) (0.3) (31.9) (5.5) (2.0) .

GoblidA. - gbiles
twortbodue lyrl'A., lyre gob? 2 - . -

Goblinalluo L-tstuo. akarPisil Baby 3 1.218 1 406
(.0.1) (0.6) (<0.1) (C 2)

GobionellUS hufoldti, freswater goby 1 37 1,212 2,121 889 2,035 3,282 1.396 1,403 404

('0.1) (0.1) (0.2) (4.7) (3.8) (2.7) (4.7) (2.5) (2.9 (<O. ) " " "

Gobiosom boect aked goby 1,081 403 416 1 397 361 267 139

(2.4) (0.1) (0.2) ('0.1) (0.1) (0.8) (.0.1) (<0.1)

bothldae - lfteye ILoumi"ers

rarslicbtI'y± denterus. ser flounder111
(0.1) (0.3) (0.1) (02)

Pralirhthil elthoaelans, sontherm 7 1 2,922 9 1,220 9 1.383 6

fiodeder (0.5) (-0.1) (1.5) (0.2) (0.9) (0.2) (1.0) (0.2)

$"laid&e - soles

Tr' ectee mculates, hogchoker 1 1 1 1 '1 '1 '1
. . . . .(<0.3 (< .13 (0.13 ((0.3 4< .13 (<0.1) (-0.1) -- : - --

Total ffshes
-(45 species) 26,738 44,551 5,066 111,133 35,538 17,903 9,138 8,938 2,802 49,003 29,676 S,617

(99.9) (118.3) (7.3) (167.0) (257.1) (74.9) (49.1) (37.7) (10.4) %102.0) (137.7) (30.9) ". .

Invertebrates.. 
.

*- Pelaemnldoa - grass shrimp*

-alsawaee to VjuLo, grass shrimp 50,860 357,416 4,039 307,312 980,016 334,093 56,177 10,093 2 138,116 449,175 112,711

(24.7) (247.7) (0.4) (122.0) (663.3) (104.8) (13.1) (2.0) ('0.1) (S3.3) (304.3) (35.1)

Psmaeldde - pananid shrimps

venjeus seiferoua, mite shrimp 11,759 481 50,666 20,809 160

(13.5) (2.1) (61.5) (2s.0) (0.7)
lFortuloidol - siming crab@

Cllinectes a ,sidus. blue crab 1,63) 15 1.216 2,761 8,151 809 1,638 425 2 2,011 2,864 676 "

(94.0) (1.2) (1.1) (3.1) (32.4) (1.4) (39.4) (1.9) (0.7) (42.7) (11.8) (1.1)

Total invertebrates 52,495 369.190 5.736 310,073 1,038,835 334,902 57.11 10,518 4 140.127 477.88 113.547
(3 species) (119.3) (262.4) (3.6) (125.1) (757.2) (M06.2) (43.5) (3.9) (0.7) (96.0) (341.2) (36.8)

Total organisms 79,233 413,741 10,802 421,206 1,074.37 352.85 66,953 19,f56 2.806 189,131 502,523 12,.164

:.8 species) (219.2) (380.7) (10.9) (292.1) (1,014.3) (181.1) (92.6) (41.6) (11.1) (201.33 (478.9) (67 7)

-blight discrepancies in totals due to rounding of mean values.

Source: South Carolina Water Resources Commission
_B-51
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Table 1.8

Species Compo,.tion of Fish Captured in Charleston Harbor Dumping Area

Family & Species No. of Specimens Length Range (mm) W

Carcharhinidae
* Mustelus canis 1641

-. Rajidae
Raja eglanteria 1477

Anchoa hepsetus 12 100-119

Synodontidae
Synodus foetens 144 140-339

Ogcocephalidae
O gcocephalus 1 59

* Gadidae
Urophycis reqius 1 188

* Syngnathidae
* Centropristis striata 12 71-182

Diplectrum formosum 1 91

* Carangidae
Caranx crysos 1 164
Decapterus macarellus 10 122-144 a

Decapterus punctatus 4 133-173

Lutjanidae
* Lutjanus analis 8 76-126

Garreidae
Eucinostomrus argenteus 1 90

* Eucinostomus gula 1 78

* Pomadasyidae
Orthopristis chrysoptera 1 122

Sparidae
Stenotomus caprinus 1.8 75-120
Lagodon rhomboides 3% 105-118

Scianidae
* Bairdiella chrysura 1 140

Leiostomus xanthurus 10 135-155

Trichiuridae
*Trichiurus lepturus 1216

Stromateidae
Pepri lus triacanthus 50 105-144
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Table 18 (Cont'd)

Trigi idae
Prionotus evolans 3 103-118
Prionotus scitulus 9 101-121

Pothidae
Ancyclopsetta quadrocellata -4 146-199
Citharicthys spilopterus 26 53-81
Scophthalmus aquosus 1 119

Balis tidae
Balistes capriscus 1122
Moriocanthus hispidus 154

Total No. 328

Source: South Carolina Wildlife arnd M'arine Resources-'Dept.

B-53
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Table 19

SPECIE~S COMPOSITION OF BENTHIC AND FREE-SWIMMING INIVERTEBRATES CAP-
TURED IN CHAU~ESTON HARBR DU!rING AREA.

UNCOMMON COMMON ABUNDANT -

Portunidae XXX
Cancridae X

Maiidae X

Paguridae xx

Xiphosura X

- Squillidae XX

Loliginidae xxi S

* Ho3.othurode X

Echinoidea XX

Asteroidea xx

* Oph..uroidea XX

-. Gastropoda xx

Pelecypoda X

* Chaetopoda X

* Entoprocta X

Anthozoa xx

Aznphineura x

Cirripedia X

Source: South Carolina Wildlife and Marine Resources Dept.
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Table 20

EORY BY cOUNTY, SMITH CAROLINA, 1972
(tons)

(break-bulk cargo only)*

County
A Percenta&* Of

County Tonnage State Total

Abbeville 0.0 0.002
Beaufort 0.0 0.00
CAlhoun 0.0 0.00
Fairfld 0.0 0.00
Japer 0.0 0.00
McCormick 0.0 0.00
gain"a 0.0 0.00
Udgefleld 0.6 0.00
sorry 1.6 0.00
Los 1.9 0.00
aUptom 7.3 0.00
Colleton 9.2 0.00
V1111maburg 9.6 0.00
Union 28.0 0.02
Nation 28.5 0.02
0cne 41.5 0.03
lemberry .42.9 0.03
506-9r 48.7 0.03
Kershaw 53.6 0.03
Cheterfield 63.3 0.04
Laurens 76.z 0.05
Narlbor 76. 0.0
Sumter 77.' 0:05
Cherokee 61.5 0.03
Darlington 92.9 0.06
Dili" 218.6 0.07
Lexington 121.0 0.08
Claendon 136.0 0.09
Dorchester 196.5 0.12
Barnwell 229.6 0.14
Lancater 310.3 0.20
Pick"&. 366.6 0.23
Greenwood 430.9 0.27
Aderson 640. 3 0.53

Berkeley 903.3 0.57
Florence 1.301.0 0.62

hiadl. 1,402.1 0.66
Spartanburg 2.266.5 1.42
Cheater 2,626.6 1.65
Richland 2.974.2 1.67S
Greesville 6.426.3 4.04
Orangeburg 14.410.0 9.06
Georgetown 14,544.0 9.14
Aiken 16,073.0 11.36
Charleston 21,771.0 13.68
York 66,933.0 43.32

TOTAL TOS 159,126.0 100.002

a
Do"eat lInclude bulk or container cargo.
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Table 21
130O3TS BY COUNTY. SOUTH CAROLINA, 1972 , -

(tens)

(break-bulk cargo only)*

County
As Percentage Of

County TOMI. State Total

Cherokee 0.0 0.009

cCormick 0.0 0.0011otL 0.0 0.00 . _

Calhoun . 0.00
lariry 25.4 O 0
Beaufort 62.5 0.03
Fairfild 05.1 0. 03

Lee 91.1 0.03
Dorchester 149.0 0.03
Marlon 175.4 0.06
WlIliamsburg 178.8 0.06
Oconte 216.0 0.07
Lancaster 245.2 0.08 r
Saluda 276.5 0.09
Greenwood 334.7 0.11.
Chester 375.8 0.12
P .1ke1 511.8 0.17
sorry 713.6 0.23
Clarendon 779.1 0.25
Laurens 629.8 0.27
Allendale 834.7 0.27
Edgef ield 902.4 0.29
Marlboro 1,138.3 0.37 0 •
Barnwell 1,490.3 0.49
Collton 1,717.8 0.36
Drlington 1,791.4 0.58
union 2,322.6 0.76 '..
Berkeley 2,913.8 0.95
Kershaw 2,968.9 0.97
Anderson 3,080.7 1.00-
Chesterfield 4,068.4 1.33, " "
Rampton 4,238.6 1.38
Abbev1se 4,453.8 1.45
Aiken 4,873.1 1.59
Dillon 3,"47.7 1.76
Sumter 7,730.7 2.33
Bamberg 8,346.0 2.72
Georgetown 8,346.0 2.72
LexLalgton 8,514.3 2.76
Spartanburg 9,168.2 2.99
York 13,684.0 4.46
Florence 17,439.0 .75
Greenville 30,444.0 9.92
Richland 38,174.0 12.44
Orangeburg 39,337.0 12.83
Charleston 78,018.0 25.43

TOTAL 200 306,760.0 100.002 t..

Source: SCSFA.L

Does set include bi4k or container caro.
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Tab ie 2 2
VAU of WOSS n! comm. 3001 4anDM. 1972

(bresk-buft cargo only)

Cmty

Cousty Value state Total

Abbeville9 008I.
eaufort 000

iaapar 0.00

Saw"ik 0.00
Marry 288G.
gds*j 1.1 1.140 0G.M*
Vllllameburg 1.34 G.M0
Low. 3.010 0.M0
.abers S,6 S.GI;-

Rarlos. 1s840 0.2
Ciarma. 19.060 N2 ..U0

Repo,20.440 0.02
Gllae= 23,400 0.02
larabow, 33.991 0.03
Chetortlld 43.120 G.04
IUas 40.956 0.05
Dorehinter 41.730 0.05
Vol". 53.200 0.06
Newberry 33.200 0.00

Sute 3.202 0.07
in arlinstom, " .37 07

1.010040., 74.822 ::.6
Ocassi 79.210 . 0.09
Barnwell 44.446 0.10
Lamen 145.220 0.18
Ibrihoro 140.620 0.10
Cherokee, 154.850 0.17
Berkeley 45461403

Greenod 734.010 0.63
Ltlebland 60.7% 0.97
?Lckin 1.011.652 1.15
4Cbest r 1.603,126 1.01
Sodam 1.692.503 2.14 L,
Alhnsdale 2.000,470 2.36
Orangsbars 2.091.805 2.37
Flo once 2.320,794 2.82
Sperteabors 6.084.373 4.0
81ka, S.008.183 9.07
Fork 10.112.380 11.45
CromwLLI* 12.513.637 14.17
Gorgetown 17.002.235 19.20
Cbrleatas 21.701.144 24.59

101*1 $60.274,107 100.0020

*00a met teusa balk or ecoaftr eat.I:
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